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Art. XXIV.—Address of Sir David Brewster before the Twen- 
tieth Meeting of the British Association at Edinburgh, July 
31, 1850.* 


* * * Tr has been the custom of some of my predecessors in this 
chair to give a brief account of the progress of the sciences during 
the preceding year; but however interesting such a narrative 
might be, it would be beyond the power of any individual to do 
justice to so extensive a theme, even if your time would permit 
and your patience endure it. I shall make no apology, however, 
for calling your attention to a few of those topics, within my own 
narrow sphere of study, which, from their prominence and gene- 
ral interest, may be entitled to your attention. I begin with As- 
tronomy, a study which has made great progress under the 
patronage of this Association—a subject, too, possessing a charm 
above all other subjects, and more connected than any other with 
the deepest interests, past, present, and to come, of every rational 
being. It is upon a planet that we live and breathe. Its surface 
is the arena of our contentions, our pleasures, and our sorrows 
It is to obtain a portion of its alluvial crust that man wastes the 
flower of his days, and prostrates the energies of his mind, and 
risks the happiness of his soul; and it is over or beneath its ver- 
dant turf that his ashes are to be scattered or his bones to be laid. 
It is from the interior too—from the inner life of the earth that 
man derives the materials of civilization—his coal, his iron, and 
his gold. And deeper still, as geologists have proved—and none 
* From the Atheneum, No. 1188. 
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with more power than the geologists around me—we find in the 
bosom of the earth written on blocks of marble—the history 
of primeeval times, of worlds of life created, aud worlds of life 
destroyed. We find there, in hieroglyphics as intelligible as 
those which Major Rawlinson has deciphered on the slabs of 
Nineveh, the remains of forests which waved in luxuriance over 
its plains—the very bones of huge reptiles that took shelter un- 
der their foliage, and of gigantic quadrupeds that trod uncon- 
trolled its plains, the law-givers and the executioners of that 
mysterious community with which it pleased the Almighty to 
people his infant world. But though man is but a recent occu- 
pant of the earth, an upstart in the vast chronology of animal 
life, his interest in the Paradise so carefully prepared for him is 
not less exciting and profound. For him it was made, he was 
to be the lord of the new creation, and to him it especially be- 
longs to investigate the wonders it displays and to learn the 
lesson which it reads. But while our iuterests are thus closely 
connected with the surface and the interior of the earth, interests 
of a higher kind are associated with it as a body of the solar sys- 
tem to which we belong. 

The object of Geology is to unfold the history and explain 
the structure of a planet; and that history and that structure 
may, within certain limits, be the history and the structure of 
all the other planets of the system—perhaps of all the other 
planets of the universe. The laws of matter must be the same 
wherever matter is found. The heat which warms our globe 
radiates upon the most distant of the planets, and the light 
which twinkles in the remotest star is, in its physical, and 
doubtless in its chemical properties, the same that cheers and en- 
livens our own system; and if men of ordinary capacity possessed 
that knowledge which is within their reach, and had that faith 
in science which its truths inspire, they would see in every planet 
around them, and in every star above them, the home of immor- 
tal natures—of beings that suffer and of beings that rejoice—of 
souls that are saved and of souls that are lost. Geology is, there- 
fore, the first chapter of astronomy. It describes that portion of 
the solar system which is nearest and dearest to us,—the cosmo- 
politan observatory, so to speak, from which the astronomer is to 
survey the sidereal universe, where revolving worlds and systems 
of worlds summon him to investigate and adore. ‘There, too, 
he obtains the great base lines of the earth’s radius to measure 
the distances and magnitudes of the starry host, and thus to pene- 
trate by the force of reason into those infinitely distant regions 
where the imagination dare not follow him. But Astronomy, 
though thus sprung from the earth, seeks and finds, like Astrea, 
a more congenial sphere above. Whatever cheers and enlivens 
our terrestrial paradise is derived from the orbs around us. With- 
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out the light or heat of our sun, and without the uniform move- 
ments of our system, we should have neither climates nor sea- 
sons. Darkness would blind, and famine destroy, everything 
that lives. Without influences from above, our ships would drift 
upon the ocean, the sport of wind and wave, and would have less 
security for reaching their destination than balloons floating in 
the air and subject to the caprice of the elements. But while the 
study of Astronomy is essential to the very existence of social 
life, it is instinct with moral influences of the highest order. In 
the study of our own globe we learn that it has been rent and 
upheaved by tremendous forees—here sinking into ocean depths, 
and there rising into gigantic elevations. Even now, geologists 
are measuring the rise and fali of its elastic crust; and men who 
have no faith in science often learn the truth to their cost, when 
they see the liqnid fire rushing upon them from the voleano, or 
stand above the yawning crevice in which the earthquake threat- 
ens to overwhelm them. Who can say that there 1s a limit to 
agencies iike these? Who could dare to assert that they may 
not concentrate their yet divided energies, and rend in pieces the 
planet which imprisons them? Within the bounds of our own 
system, and in the vicinity of our own Earth, between the orbits 
of Mars and Jupiter, there is a wide space which, according to 
the law of planetary distances, ought to contain a planet. Kep- 
ler predicted that a planet would be found there—and strange to 
say, the astronomers of our own times discovered at the begin- 
ning of the present century four small planets, Ceres, Pallas, Juno 
and Vesta, occupying the very place in our system where the an- 
ticipated planet ought to have been found. Ceres, the first of 
these, was discovered by Piazzi, at Palermo, in 1801; Pallas, the 
second of them, by Dr. Olbers, of Bremen, in 1802; Juno, the 
third, by Mr. Harding, in 1804; and Vesta, the fourth, by Dr. 
Olbers, in 1807. After the discovery of the third, Dr. Olbers 
suggested the idea that they were the fragments of a planet that 
had been burst in pieces ; and considering that they must all have 
diverged from one point in the original orbit, and ought to return 
to the opposite point, he examined these parts of the heavens, 
and thus discovered the planet Vesta. But though this principle 
was in the possession of astronomers, nearly forty years elapsed 
before any other planetary fragment was discovered. At last, in 
1845, Mr. Hencke, of Driessen, in Prussia, discovered the frag- 
met called Astrea, and, in 1847, another, called Hebe. In 
the same year our countryman, Mr. Hind, discovered other two, 
Iris and Flora. In 1848 Mr. Graham, an Irish astronomer, dis- 
covered a ninth fragment called Metis. In 1849 Mr. Gasparis, 
of Naples, discovered another, which he calls Hygeia; and 
Within the last two months, the same astronomer has discovered 
the eleventh fragment, to which he has given the name of Par- 


« 


308 Sir David Brewster's Address 


thenope.* If these eleven small planets are really the remains of a 
larger one, the size of the original planet must have been consider- 
able. What its size was, would seem to be a problem beyond 
the grasp of reason. But human genius has been permitted to 
triumph over greater difficulties. The planet Neptune was discov- 
ered before a ray of its light had entered the human eye; and by 
a law of the solar system just discovered, we can determine the 
original magnitude of the broken planet long after it has been 
shivered into fragments,—and we might have determined it even 
after a single fragment had proved its existence. ‘This law we 
owe to Mr. Daniel Kirkwood, of Pottsville, a humble American, 
who, like the illustrious Kepler, struggled to find something new 
among the arithmetical relations of the planetary elements. Be- 
tween every two adjacent planets there is a point where their at- 
tractions are equal. If we call the distance of this point on one 
side of a planet to that on the other, the diameter of its sphere of 
attraction, then Mr. Kirkwood’s law is, that in every planet the 
square of the length of its year, reckoned in days, varies as the 
cube of the diameter of its sphere of attraction. This law has 
been verified by more than one American astronomer, and there 
can be no doubt, as one of them expresses it, that it is at least 
a physical fact in the mechanism of our system. ‘This law re- 
quires the existence of a planet between Mars and Jupiter; and 
it follows from the law that the broken planet must have been 
a little larger than Mars, or about 5,000 miles in diameter, and 
that the length of its day must have been about 573 hours. The 
American astronomers regard this law as amuonting to a demon- 
stration of the nebular hypothesis of Laplace; but we venture 
to say that this opinion will not be adopted by the astronomers 
of England. Among the more recent discoveries within the 
bounds of our own system, [ cannot omit to mention those of 
our distinguished countryman, Mr. Lassels, of Liverpool. By 
means of a fine twenty-feet reflector, coustructed by himself, he 
detected the satellite of Neptune, and more recently an eighth 
satellite circulating round Saturn—a discovery which was made 
on the very same day, by Mr. Bond, Director of the Observatory 
of Cambridge, in the United States. 
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Mr. Lassels has still more recently, and under a singularly favor- 
able state of the atmosphere, observed the very minute, but ex- 
tremely black, shadow of the ring of Saturn upon the body of 
the planet. He observed the line of shadow to be notched, 
as it were, and almost broken up into a line of dots; thus in- 
dicating mountains upon the plane of the ring—mountains doubt- 
less raised by the same internal forces and answering the same 


ends as those of our own globe. In passing from our solar 
system to the frontier of the sidereal universe around us, we 
traverse a gulf of inconceivable extent. If we represent the 


radius of the solar system, or of Neptune’s orbit (which is 2,900 
millions of miles) by a line two miles long, the intervai be- 
tween our system, or the orbit of Neptune, and the nearest 
fixed star will be greater than the whole circumference of our 
globe—or equal to a length of 27,600 miles. ‘The parallax of 
the nearest fixed star being supposed to be one second, its dis- 
tance from the sun wiil be nearly 412,370 times the radius of the 
earth’s orbit, or 13,746 times that of Neptune, which is thirty 
times as far from the sun as the earth. And yet to that distant 
zone has the genius of man traced the Creator’s arm working the 
wonders of his power, and diffusing the gifts of his love— 
the heat and the light of suns—the necessary elements of phy- 
sical and intellectual life. It is by means of the gigantic teles- 
cope of Lord Rosse that we have become acquainted with the 
form and character of those great assemblages of stars which 
compose the sidereal universe. Drawings and descriptions of the 
more remarkable of these nebula, as resolved by this noble in- 
strument, were communicated by Dr. Robinson to the last meet- 
ing of the Association ; and it is with peculiar satisfaction that I 
am able to state that many important discoveries have been made 
by Lord Rosse and his assistant, Mr. Stoney, during the tast year. 
In many of the nebule the peculiarities of structure are very re- 
markable, and, as Lord Rosse observes, ‘seem even to indicate 
the presence of dynamical laws almost within our grasp.” The 
spiral arrangement so strongly developed in some of the nebule 
is traceable more or less distinctly in many ; but “ more frequent- 
ly,” to use Lord Rosse’s own words, “ there is a nearer approach 
to a kind of irregular, interrupted, annular disposition of the lu- 
minous material, than to the regularity observed in others; but 
his Lordship is of opinion that those nebule are systems of a very 
similar nature, seen more or less perfectly, and variously placed 
with reference to the line of sight. In re-examining the more re- 
markable of these objects, Lord Rosse intends to view them with 
the full light of his six feet speculum, undiminished by the second 
reflexion of the small mirror. By thus adopting what is called 
the front view, he will doubtless, as he himself expects, discover 
many new features in those interesting objects. It is to the in- 
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fluence of Lord Rosse’s example that we are indebted for the fine 
Reflecting Telescope of Mr. Lassels, of which I have already 
spoken ; and it is to it, also, that we owe another telescope, which, 
though yet unknown to science, [am bound in this place espe- 
cially to notice. I allude to the reflector recently constructed by 
Mr. James Nasmyth, a native of this city, already distinguished 
by his mechanical inventions, and one of a family well known to 
us all, and occupying a high place among the artists of Scotland. 
This instrument has its great speculum twenty feet in focal length, 
and twenty inches in diameter; but it differs from all other teles- 
copes in the remarkable facility with which it can be used. _ Its 
tube moves vertically upon hollow trunnions, through which the 
astronomer, seated ina little observatory, with only a horizontal 
motion, can view at his ease every part of the heavens. Hither- 
to, the astronomer has been obliged to seat himself at the upper 
end of his Newtonian telescope; and if no other observer wil 
acknowledge the awkwardness and insecurity of his position, I 
can myself vouch for its danger, having fallen from the very top 
of Mr. Ramage’s twenty-feet telescope when it was directed to 
a point not far from the zenith. 

Though but slightly connected with astronomy, I cannot omit 
calling vour attention to the great improvements—I may call them 
discoveries—which have been recently made in Photography. | 
need not inform this meeting that the art of taking photographie 
negative pictures upon paper was the invention of Mr. Fox Talbot, 
a distinguished member of this Association. The superiority of 
the ‘T'albotype to the Daguerreotype is well known. In. the latter 
the pictures are reverted, and incapable of being multiplied ; while 


in the Talbotype there is no reversion, and a single negative will 
supply a thousand copies, so that books may now be illustrated 
with pictures drawn by the sun. ‘The difficulty of procuring good 
paper for the negative is so great, that a better material has been 
eagerly sought for; and M. Niepee, an accomplished officer in the 
French service, has successfully substituted for paper a film of albu- 
men, or the white of an egg, spread upon glass. ‘This new process 
has been brought to such perfection in this city by Messrs. Ross & 
Thompson, that Talbotypes taken by them and lately exhibited 
by myself to the National Institute of France, and to M. Niepce, 
were universally regarded as the finest that had yet been execut- 
ed. Another process, in which gelatine is substituted for albu- 
men, has been invented, and successfully practised by M. Poite- 
vin, a French oflicer of engineers; and by an ingenious method 
which has been minutely described in the weekly proceedings of 
the Institute of France, M. Edmund Becquerel has succeeded in 
transferring to a daguerreotype plate the prismatic spectrum, W ith 
all its brilliant colors, and also though in an inferior degree, the 
colors of the landscape. ‘These colors, however, are very fuga- 
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ceous: yet, though no method of fixing them has hitherto been 
discovered, we cannot doubt that the difficulty will be surmount- 
ed, and that we shall yet see all the colors of the natural world 
transferred by their own rays to surfaces both of silver and paper. 
But the most important fact in photography which I have now to 
mention, is the singular acceleration of the process discovered by 
M. Niepee, which enables him to take the picture of a landscape 
dluminated by diffused light, in a single second, or at most in two 
seconds. By this process he obtained a picture of the sun on al- 
bumen so instantaneously, as to confirm the remarkable discovery 
previously made by M. Arago, by means of a silver plate, that 
the rays which proceed from the central parts of the sun’s disc 
have a higher photogenic action than those which issue from its 
margin. ‘This interesting discovery of M. Arago is one of a se- 
ries on photometry which that distinguished philosopher is now 
oecupied in publishing. Threatened with a calamity which the 
civilized world will deplore—the loss of that sight which has de- 
tected so many brilliant phenomena and penetrated so deeply 
into the mysteries of the material world, he is now completing, 


with the aid of other eyes than his own, those splendid research- 
es which will immortalize his own name and add to the scientific 
glory of his country. 

From these brief notices of the progress of science I must now 
eall your attention to two important objects with which the Brit- 
ish Association has been occupied since their last meeting. It 
has been long known both from theory and in practice, that the 
Imperfect transparency of the earth’s atmosphere, and the unequal 
refraction which arises from diiferences of temperature combine 
to set a limit to the use of high magnifying powers in our tele- 
scopes. Hitherto, however, the application of such high powers 
was checked by the imperfections of the instruments themselves ; 
and it is only since the construction of Lord Rosse’s telescope that 
astronomers have found that, in our damp and variable climate, it 
is only during a few days of the year that telescopes of such mag- 
nitude can use successfully the high magnifying powers which they 
are capable of bearing. Even inacloudless sky, when the stars are 
sparkling in the firmament, the astronomer is baffled by influences 
which are invisible; and while new planets and new satellites are 
being discovered by instruments comparatively small, the gigantic 
Polyphemus lies s!umbering in his cave, blinded by thermal cur- 
rents more irresistible than the firebrand of Ulysses. As the as- 
tronomer, however, cannot command a tempest to clear his atmos- 
phere nor a thunder-storm to purify it, his only alternative is to 
remove his telescope to some southern climate, where no clouds 
disturb the serenity of the firmament, and no changes of temper- 
ature distract the emanations of the stars. A fact has been re- 
cently mentioned, which entitles us to anticipate great results 
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from such a measure. The Marquess of Ormonde is said to have 
seen from Mount Etua, with his naked eye, the satellites of Ju- 
piter. If this be true, what discoveries may we not expect, even 
in Europe, from a large reflector working above the grosser strata 
of our atmosphere? This noble experiment of sending a large 
reflector to a southern climate has been but once made in the 
history of science. Sir John Herschel transported his telescopes 
and his family to the south of Africa, and during a voluntary ex- 
ile of four years’ duration he enriched astronomy with many 
splendid discoveries. Such a sacrifice, however, is not likely to 
be made again; and we must, therefore, look to the aid of gov- 
ernment for the realization of a project which every civilized 
people will applaud, and which, by adding to the conquests of 
science, will add to the glory of our country. At the Birming- 
ham meeting of the Association, their attention was called to this 
subject; and being convinced that great advantages would accrue 
to science from the active use of a large reflecting telescope in 
the southern hemisphere, they resolved to petition government for 
a grant of money for that purpose. The Royal Society readily 
agreed to second this application; and as no request from this 
Association has ever been refused, whatever government was in 
power, we have every reason to expect a favorable answer to a 
memorial from the pen of Dr. Robinson, which has just beer 
submitted to the Minister. A recent and noble act of liberality 
to science on the part of the government justifies this expecta- 
tion. It is, | believe, not yet generally known that Lord John 
Russell has granted 1,000/. a year to the Royal Society for pro- 
moting scientific objects. ‘The Council of that distinguished 
body has been very solicitous to make this grant effective in pro- 
moting scientific objects, and | am persuaded that the measures 
they have adopted are well fitted to justify the liberality of the 
government. One of the most important of these has been to 
place LOUZ. at the disposal of the committee of the Kew Obser- 
vatory. This establishment, which has for several years been 
supported by the British Association, was given to us by the Gov- 
ernment as a depository for our books and instruments and as a 
locality well fitted for carrying on electrical, magnetical and me- 
teorological observations. During the last six years the Observa- 
tory has been under the honorary superintendence of Mr. Ro- 
nalds, who is well Known to the scientific world for his ingenious 


photographic methods of constructing self-registering magnetical 
and meteorological apparatus. On the joint application of the 
Marquess of Northampton and Sir John Herschel, Her Majesty’s 
government have granted to Mr. Ronalds a pecuniary recompense 
of 2502. for these inventions; and I am glad to be able to state 
that Mr. Brooke has also received from them a suitable reward 
for inventions of a similar kind. Under the fostering care of the 
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British Association the most valuable electrical observations have 
been made at Kew, and Mr. Ronalds has continued from year to 
year to make those improvements upon his apparatus which ex- 
perience never fails to suggest. But I regret to say, that in con- 
sequence of our diminished resources, the Association, at its meet- 
ing in 1848, came to the resolution of discontinuing the observa- 
tions at Kew, appropriating at the same time an adequate sum 
for completing those which were in progress, and for reducing 
and discussing the five years’ electrical observations which had 
been published in our Annual Reports. I trust, however, that 
means will yet be found to maintain the Observatory in full ac- 
tivity, and carry out the original objects contemplated by the 
Committee. Having had an opportunity of visiting this estab- 
lishment this sammer, after having inspected two of the best con- 
ducted observatories on the Continent where the same class of 
observations are made, [ have no hesitation in speaking in the 
highest terms of the value of Mr. Ronalds’s labors, and in recom- 
mending the institution which he so liberally superintends to 
the continued protection of the Association and the continued 
liberality of the Royal Society. From the facts which I have 
already mentioned, and from many others to which I might 
have referred, the members of the Association will observe, 
with no common pleasure, that the Government of this coun- 
try has, during the last twenty years, been extending their pat- 
ronage of Science and the Arts. ‘That this change was effect- 
ed by the interference of the British Association, and by the 
writings and personal exertions of its members, could, were it 
necessary, be easily proved. But though men of all shades of 
political feeling have applauded the growing wisdom and liberal- 
ity of the State, and though various individuals are entitled to 
share in the applause, yet there is one statesman, alas! too early 
and too painfully torn from the affections of his country, whom 
the science of England must ever regard as its warmest friend 
and its greatest benefactor. ‘I'o him we owe new institutions for 
advancing science, and new colleges for extending education ; 
and had Providence permitted him to follow out, in the serene 
evening of life and in the maturity of his powerful intellect, the 
views which he had cherished amidst the distractions of political 
strife, he would have rivalled the Colbert of another age, and 
would have completed the systematic organization of Science 
and Literature and Art which has been the pride and the glory of 
another land. ‘These are not the words of idle eulogy, or the ex- 
pressions of a groundless expectation. Sir Robert Peel had en- 
tertained the idea of attaching to the Royal Society a number of 
active members, who should devote themselves wholly to scien- 
tific pursuits ; and I had the satisfaction of communicating to him, 
through a mutual friend, the remarkable fact, that I had found 
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among the mss. of Sir Isaac Newton a written scheme of im- 
proving the Royal Society precisely similar to that which he 
contemplated. Had this idea been realized, it would have been 
but the first installment of a debt long due to science and the na- 
tion, and it would have fallen to the lot of some more fortunate 
statesman to achieve a glorious name by its complete discharge. 
It has always been one of the leading objects of the British 
Association, and it is now the only one of them which has not 
been wholly accomplished, “to obtain a more general attention 
to the objects of science, and a removal of any disadvantages of a 
public kind which impede its progress.” Although this object is 
not very definitely expressed, yet Mr. Harcourt, in moving its 
adoption, included under it the revision of the law of patents and 
the direct national encouragement of science, two subjects to 
which I shall briefly direct your attention. In 1831, when the 
Association commenced its labors, our patent laws were a blot on 
the legislation of Great Britain; and though some of their more 
obnoxious provisions have since that time been modified or re- 
moved, they are a blot still, less deep in its dye, but equally a stain 
upon the character of the nation. The protection which is given 
by statute to every other property in Literature and the fie Arts, 
is not accorded to property in scientific inventions and discoveries. 
A man of genius completes an invention, and after incurring great 
expense, and spending years of anxiety and labor, he is ready to 
give the benefit of it to the public. Perhaps it is an invention to 
save life—the life-boat ; to shorten space and lengthen time—the 
railway ; to guide the commerce of the world through the track- 
less ocean—the mariner’s compass; to extend the industry, in- 
crease the power, atid fill the coffers of the State—the steam-en- 
gine; to civilize our species, to raise from the depths of ignor- 
ance and crime—the printing press. But whatever it may be, a 
grateful country has granted to the inventor the sole benefit of its 
use for fourteen years. What the statute thus freely gives, how- 
ever, law and custom as freely take away, or render void. Fees, 
varying from 2002. to 50U0/, are demanded from the inventor; 
and the gift thus so highly estimated by the giver, bears the 
Great Seal of England. ‘The inventor must now describe his in- 
vention with legal precision. If he errs in the slightest point— 
if his deseription is not sufficiently intelligible—if the smallest 
portion of his invention has been used before—or if he has in- 
cautiously allowed his secret to be made known to two, or even 
to one individual,—he will lose in a court of law his money and 
his privilege. Should his patent escape unscathed from the fiery 
ordeal, it often happens that the patentee has not been remune- 
rated during the fourteen years of his term. In this case the 
State is willing to extend his right for five or seven years more ; 
but he can obtain this extension only by the expensive and un- 
Certain process of an Act of Parliament,—a boon which is seldom 
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asked, and which through rival influence has often been with- 
held. Such was the patent law twenty years ago. Since that 
time it has received some important ameliorations; and though 
the British Association did not interfere asa body, yet some of its 
members applied energetically on the subject to some of the more 
influential individuals in Lord Grey’s government,—and the re- 
sult of this was, two Acts of Parliament passed in 1835 and 1839, 
entitled “ Acts for amending the law tonching letters patent for 
inventions.” Without referring to another important Act for reg- 
istering designs which had the effect of withdrawing from the 
grasp of the patent laws a great number of useful inventions de- 
pending principally on form,—I shall notice only the valuable 
provisions of the two Acts above mentioned, Acts which we owe 
solely to Lord Brougham. By the first of these Acts the paten- 
tee is permitted to disclaim any part either of the title of his in- 
vention, or of the specification of it, or to make any alteration in 
the title or specification. The same Act gives the Privy Council 
the power of confirming any patent. or granting a new one, when 
a patent had been taken out for an invention which the patentee 
believed to be new, but which was found to have been known 
before, but not publicly and generally used. By the same Act, 
too, the power of letters patent was taken from Parliament, and 
given to the Privy Council, who have, on different occasions, ex- 
ercised it with judgment and discrimination. By the second Act 
of 1839 this last privilege was made more attainable by the pa- 
tentee. ‘These are doubtless valuable improvements, which in- 
ventors will gratefully remember; but till the enormous fees 
which are still exacted are either partly or wholly abolished, and 
areal privilege given under the great seal, the genius of this coun- 
try will never be able to compete with that of foreign lands, 
Where patents are cheaply obtained and better protected. In 
proof of the justuess of these views, it is gratifying to notice that, 
within these few days, it has been announced in Parliament that 
the new Attorney-General has accepted his office on the express 
condition that the large fees which he derives from patents shall 
be subject to revision. 

The other object of the British Association, mentioned by 
Mr. Harcourt, the Organization of Science asa National Insti- 
tution, is oue of a higher order, and not limited to individual, or 
even to English interests. It concerns the civilized world; not 
confined to time, it concerns eternity. While the tongue of 
the Almighty, as Kepler expresses it, is speaking to us in His 
Word, His finger is writing to us in His works; and to acquire 
a knowledge of these works is an essential portion of the great 
duty of man. ‘Truth secular cannot be separated from truth 
divine ; and if a priesthood has in all ages been organized to track 
and exemplify the one, and to maintain, in ages of darkness and 
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corruption the vestal fire upon the sacred altar, shall not an intel- 
lectnal priesthood be organized to develop the glorious truths 
which time and space embosom,—to cast the glance of reason 
into the dark interior of our globe, teeming with what was once 
life,—to make the dull eye of man sensitive to the planet which 
twinkles from afar, as well as to the luminary which shines above, 
—and to incorporate with our inner life those wonders of the ex- 
ternal world which appeal with equal power to the affections and 
to the reason of immortal natures. If the God of Love is most 
appropriately worshiped in the Christian temple, the God of Na- 
ture may be equally honored in the Temple of Science. Even 
trom its lofty minarets the philosopher may summon the faithful 
to prayer ; and the priest and the sage may exchange altars with- 
out the compromise of faith or of knowledge. Influenced, no 
doubt, by views like these, Mr. Harcourt has cited the opinions of 
a philosopher whose memory is dear to Scotland, and whose jndg- 
ment on any great question will be everywhere received with re- 
spect and attention; I refer to Prof. Playfair, the distinguished 
successor in our Metropolitan University of the Gregorys, the 
Maclaurins, and Stewarts of former days, who in his able dis- 
sertation ‘On the Progress of the Mathematical and Physical 
Sciences,’ thus speaks of the National Institute of France :— 


“'This Institution has been considerable advantage to science. 
To detach a number of ingenious men from every thing but sci- 
entific pursuits—to deliver them alike from the embarrassments 
of poverty and the temptations of wealth—to give them a place 
and station in society the most respectable and independent, is to 
remove every impediment, and to add every stimulus to exertion. 
To this Institution, accordingly, operating upon a people of great 
genius and indefatigable activity of mind, we are to ascribe that 
superiority in the mathematical sciences which, in the last seventy 
years, has been so conspicuous.’* 


This just eulogy on the National Institute of France, in reference 
to abstract mathematics, may be safely extended to every branch 
of theoretical and practical science; and I have no hesitation in 
saying, after having recently seen the Academy of Sciences at its 
weekly labors, that it is the noblest and most effective institution 
that ever was organized for the promotion of Science. Owing to 
the prevalence of scientific knowledge among all classes of the 
French population, and to their admirable system of elementary 
instruction, the advancement of science, the diffusion of know- 
ledge, and the extension of education are objects dear to every 
class of the people. The soldier as well as the citizen—the So- 
cialist—the Republican and the Royalist—all look up to the 
National Institute as a mighty obelisk erected | to science, to be 
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respected and loved and defended by all. We have seen it stand- 
ing unshaken and active amid all the revolutions and convulsions 
which have so long agitated that noble but distracted country—a 
common center of affection, to which antagonist opinions and 
rival interests and dissevered hearts have peacefully converged. It 
thus becomes an institution of order, calculated to send back to 
its contending friends a message of union and peace, and to re- 
place in stable equilibrium the tottering institutions of the State. 
It was doubtless with views like these that the great Colbert es- 
tablished the Academy of Sciences in Paris, and that the power- 
ful and sagacious monarchs on the continent of Europe have 
imitated his example. ‘They have established in their respective 
capitals similar institutions—they have sustained them with liberal 
endowments—they have conferred rank and honors on their 
more eminent members, and there are now here present distin- 
guished foreigners who have well earned the rewards and distine- 
tions they have received. It is, therefore, gentlemen, no extrava- 
gant opinion that institutions which have thus thriven in other 
countries should thrive in ours—that insulated societies, which 
elsewhere flourish in combination, should when combined flourish 
among us—and that men ordained by the State to the undivided 
functions of science should do more and better work than those 
who suatch an hour or two from their daily toil or from their 
nightly rest. In a great nation like ours, where the higher inter- 
ests and objects of the State are necessarily organized, it is a sin- 
gular anomaly that the intellectual interests of the country should, 
in a great measure, be left to voluntary support and individual 
zeal—an anomaly that could have arisen only from the supineness 
of ever-changing administrations, and from the intelligence and 
liberality of a commercial people—an anomaly, too, that could 
have been continued only by the excellence of the institutions 
they have established. In the history of no civilized people can 
we find private establishments so generously fostered, so energeti- 
cally conducted, and so successful in their objects as the Royal 
Societies of London, Edinburgh and Dublin, and the Astronomi- 
cal, Geological, Zoological and Linnean Societies of the metro- 
polis. ‘They are an honor to the nation, and will ever be grate- 
fully remembered in the history of science. But they are neverthe- 
less defective in their constitution, limited in their operation, and 
incapable, from their very nature, of developing and directing and 
rewarding the indigenous talent of the country. They are simply 
subscription societies, which pay for the publication of their own 
transactions, and adjudicate medals intrusted to them by the be- 
neficence of others. ‘They are not bound to the exercise of any 
other function, and they are under no obligation to do the scien- 
tific work of the State, or to promote any of those national ob- 
jects which are intrusted to the organized institutions of other 
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lands. Their President and Council are necessarily resident in 
Loudon, and the talent and the genius of the provinces are ex- 
cluded from their administration. From this remark we must 
except the distinguished philosophers of Cambridge and Oxford, 
who, from their proximity to the capital, have been the brightest 
ornaments of our metropolitan institutions, and without whose aid 
they could never have attained their present pre-eminence. It is, 
therefore, in the more remote parts of the empire that the influ- 
ence of a national institution would be more immediately felt, 
and nowhere more powerfully than in this its northern portion. 
Our English friends are, we believe, little aware of the obstruc- 
tions which oppose the progress of science in Scotland. In our 
five universities there is not a single Fellowship to stimulate the 
genius and rouse the ambition of the student. The church, the 
law and the medical profession hold out no rewards to the culti- 
vators of mathematical and physical science ; and were a youth- 
ful Newton or Laplace to issue from any of our universities, his 
best friends would advise him to renounce the divine gift aid to 
seek in professional toil the well-earned competency which can 
alone secure him a just position in the social scale and an envi- 
able felicity in the domestic circle. Did this truth require any 
evidence in its support, we find it in the notorious fact that our 
colleges cannot furnish professors to fill their own important 
offices ; and the time is not distant when all our chairs in Mathe- 
matics, Natural Philosophy, and even Natural History, will be oc- 
cupied by professors educated in the English universities. But 
were a Royal Academy or Institute, like that of France, estab- 
lished on the basis of our existing institutions, and a class of resi- 
dent members enabled to devote themselves wholly to science, 
the youth of Scotland would instantly start for the prize, and 
would speedily achieve their full share in the liberality of the 
State. Our universities would then breathe a more vital air. Our 
science would put forth new energies, and our literature might 
rise to the high level at which it stands in our sister land. But 
it is to the nation that the greatest advantages would accrue. With 
gigantic manufacturing establishments, depending for their per- 
fection and success on mechanics and chemistry,—with a royal 
and commercial marine almost covering the ocean,—with steam 
ships on every sea,—with a system of agriculture leaning upon 
science as its mainstay,—with a net-work of railways demanding 
for their improvement, and for the safety of the traveler, aud for 
the remuneration of their public-spirited projectors, the highest 
efforts of mechanical skill_—the time has now arrived for sum- 
moning to the service of the State all the theoretical and practi- 
cal wisdom of the country,—for rousing what is dormant, com- 
bining what is insulated, and uniting in one great institution the 
living talent which is in active but undirected and unsupported 
exercise around us. 
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In thus pleading for the most important of the objects of the 
British Association, I feel that I am not pleading for a cause that 
is hopeless. ‘I'he change has not only commenced but has made 
considerable progress. Our scientific institutions have already to 
a certain extent become national ones. Apartments belonging to 
the uation have been liberally granted to them. Royal medals 
have been founded, and large sums from the public purse devoted 
to the objects which they contemplate. The Museum of Eco- 
nomic Geology, indeed, is itself a complete section of a Royal 
lustitute, giving a scientific position to six eminent philosophers, 
all of whom are distinguished members of this Associatien. And 
in every branch of science and literature the liberality of the 
Crown has been extended to numerous individuals whose names 
would have been enrolled among the members of a National In- 
stitution. The cause, therefore, is far advanced ; and every act 
of liberality to eminent men, and every grant of money for sci- 
entific and literary purposes, is a distinct step towards its triumph. 
Our private institutions have in reality assumed the transition 
phase ; and it requires only an electric spark from a sagacions and 
patriotic statesman to combine in ove uoble phalanx the scattered 
elemeuts of our intellectual greatness, and guide to lofty achiev- 
meuts aud glorious triumphs the talents and genius of the nation. 
But when such an institution has been completed, the duties of 
the State to science are notexhausted. It has appreciated knowl- 
edge but in its abstract and utilitarian phase. It would be of 
litle avail to the peace and happiness of society if the great 
truths of the material world were confined to the educated and 
the wise. The organization of science thus limited would cease 
to be a blessing. Knowledge secular and knowledge divine— 
the double current of the intellectual life-blood of man—must 
not merely descend through the great arteries of the social frame. 
It must be taken up by the minutest capillaries before it can 
nourish and purify society. Knowledge is at once the manna 
and the medicine of our moral being. When crime is the bane, 
knowledge is the antidote. Society may escape from the pesti- 
lence and may survive the famine; but the demon of Ignorance, 
with its grim adjutants of vice and riot, will pursue her into her 
most peaceful haunts, destroying our institutions, and converting 
into a wilderness the paradise of social and domestic life. The 
State has, therefore, a great duty to perform. As it punishes 
crime, it is bound to preveut it. As it subjects us to laws, it must 
teach us to read them; and while it thus teaches, it must teach 
also the ennobling truths which display the power and the wis- 
dom of the great Lawgiver,—thus diffusing knowledge while it 
is extending education,—and thus making men contented and 
happy and humble while it makes them quiet and obedient sub- 
jects. It is a great problem yet to be solved, to determine what 
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will be the state of society when man’s physical powers are highly 
exalted, and his physical condition highly ameliorated, with- 
out any corresponding change in his moral habits and position. 
There is much reason to fear that every great advance in material 
civilization requires some moral and compensatory antagonism ; 
but however this may be, the very indeterminate character of the 
problem is a warning to the rulers of nations to prepare for the 
contingency by a system of national instruction which shall 
either reconcile or disregard those hostile influences under which 
the people are now perishing for lack of knowledge. 


Art. XXV.—On the proper Height of Lightning Rods ; by 
Exias Loomis, Professor of Mathematics and Natural Philoso- 
phy in New York University. 

Read before the American Association for the Advancement of at New 

Haven, August, 1850. 

Tue rule prescribed by the French Academy of Science (and 
copied into almost all works on electricity,) for determining the 
proper height of a lightning rod is that a rod will protect a circle 
whose radius is equal to twice the height of the rod. A case re- 
cently occurred in Tallmadge, Summit County, Ohio, which 
appears to demonstrate that this rule is unsafe. 

On the afternoon of July 27th, about six o’clock, there was a 
slight shower of rain accompanied by a few flashes of lightning. 
One flash was remarkably vivid, and was succeeded almost instant- 
ly by a loud report. In an instant afterwards, a large pile of shav- 
ings lying on the west side of a carriage shop was found in full 
blaze. ‘The shavings had recently been carried out of the shop 
and were quite dry ; and as no fire had been used in that vicinity 
for several weeks, and no other mode is known in which the 
shavings could have been ignited, it is inferred to have been 
caused by the electric discharge. ‘The carriage shop was fur- 
nished with a lightning rod, and it was a matter of surprise that 
the fluid should have struck the ground so near to the rod. The 
top of the rod was fifty-nine feet high above the shavings; and 
the shavings were one hundred feet distant from a point vertically 
under the top of the rod. According to the rule above quoted, 
this rod should have afforded complete protection to a distance of 
one hundred and eighteen feet from its base; whereas the shav- 
ings were struck at a distance of one hundred feet, and that too 
where, being elevated only a few inches above the general level of 
the ground, they might be presumed to afford no peculiar atirac- 
tion for the lightuing. 

This rod appears to have been constructed in accordance with 
the usual rules. It is terminated by three points which are gilded 
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and appear to be in tolerably good condition. About ten feet 
from the top ts a break in the red and the two portions are 
looped together. From this point the rod is continuous to the 
bottom and enters the ground to the depth of about three feet 
where the earth at the time referred to was quite moist. ‘The rod 
is about five-eighths of an inch in diameter. 

The preceding case demonstrates to my mind that it is unsafe 
to rely upon a rod to protect a circle whose radius is more than 
once and a half the height of the rod, at least upon the west 
side, being that from which thunder showers generally come in 


this latitude. 


Arr. XX VL—On the Electrical Phenomena of Certain Houses ; 
by Exras Loomis. Prof. of Mathematics and Natural Philoso- 
phy in New York University. 

he id before the Amer in Assoc) for the Ady uicement ot Science at New 

Haven, A ist, 


Wirutn the past few years, several houses in the city of New 
York have exhibited electrical phenomena in a very remarkable 
degree. For months in succession they have emitted sparks of 
considerable intensity, accompanied by a loud snap. A stranger 
on entering one of these electrical houses, in attempting to shake 
hands with the inmates, receives a shock which is quite notice- 
able and somewhat unpleasant. Ladies in attempting to kiss each 
other are saluted by a spark. A spark is perceived whenever the 
hand is brought near to the knob of a door—the gilded frame of 
a mirror—the gas pipes—or any metallic body—especially when 
this body communicates freely with the earth. In one house 
which I have had an opportunity to examine, a child in taking 
hold of the knob of a door received so severe a shock that it ran 
off in great fright. ‘The lady of the house in approaching the 
speaking tube to give orders to the servants, received a very un- 
pleasant shock in the mouth, and was very much annoyed by the 
electricity until she learned first to touch the tube with her finger. 
In passing from one parlor to the other, if she chanced to step 
upon the brass plate which served as a slide for the folding doors, 
she received an unpleasant shock in the foot. When she touched 
her finger to the chandelier (the room was lighted with gas by a 
chandelier suspended from the ceiling) there appeared a brilliant 
spark and a snap as in the discharge of a Leyden Jar of good size. 
In many houses the phenomena have been so remarkable as to 
occasion general surprise and almost alarm. 

After a careful examination of several cases of this kind, [ have 
come to the conclusion that the electricity is excited by the fric- 
tion of the shoes of the inmates upon the carpets of the house. 
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I have sone by direct experiment that electricity is excited by 
the friction of leather upon woolen cloth. For this purpose I 
stood upon an ao stool, and spreading a small piece of car- 
peting upon a table before ine, rubbed a piece of leather vigor- 
ously upon it, and then bringing the leather near the cap of a 
gold leaf electrometer, the leaves were repelled with great vio- 
lence. ‘The electricity of the leather was of the resinous kind. 
Electricity therefore must necessarily be excited whenever a 
person walks with a shuffling motion across a carpet; but it 
may be thought remarkable that the electricity should be intense 
enough to give a bright spark. In order to produce this effect 


there must be a combination of some favorable circumstances. 

The carpet, or at least its upper surface, must be entirely of 
wool, and of a close texture, in order to furnish an abundance of 
electricity. So far as I have had opportunity to judge, I infer 
that heavy velvet carpets answer go purpose best. ‘Two thick- 
nesses of Ingrain e arpeting answer very well A drugget spread 


upon an Ingrain carpet yields a pi supply of the fluid. The 
effect of the increased thickness is obviously to improve the insu- 
lation of the carpet. 

The carpet must be quite dry, and also the floor of the 
room, so that the fluid may not be conveyed away as soon as it 
is excited. ‘This will not generally be the case exc ept in winter, 
and in rooms which are habitually kept quite warm. The most 
remarkable cases which I have heard of in New York have been 
of close, well-built houses, kept very warm by furnaces, and the 
electricity was most abundant in very cold weather. In warm 
weather, only feeble signs of electricity are obtained. 

3. The rubber, that is the shoe, must also be dry, like the carpet, 
and it must be rubbed upon the carpet somewhat vigorously. 
By skipping once or twice across a room with a shuffling motion of 
the feet, a person becomes highly charged, and then upon bringing 
the knuckle near to any metallic body, particularly if it have good 
communication with the earth, a bright spark passes. In almost 
any room which is furnished with a woolen carpet, and is kept 
tolerably warm, a spark may thus he obtained in winter—but 11 
some rooms, the insulation is so good and the carpets are so elec- 
trical, that it is impossible to walk across the floor, without excit- 
ing sufficient electricity to give a spark. 

It may be said that in this case there can be but very litt! 
friction between the shoe and carpet. But it must be remembere 
that the rubber is apphed to the carpet with considerable force, 
being aided by the whole weight of the body, so that a slight 
shuffling of the feet acts with creat energy. 

In the London and Edinburgh Philosophical Magazine for Feb- 
ruary, 183, is given an account of a leather strap connecting the 
drum of a Worsted Mill, which gave sparks two inches in length 
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and charged a battery in a short time. The strap was twenty- 
four feet long, six inches broad, and one eighth of an inch thick. 
It crossed in the middle between the two drums, the strap form- 
ing a figure eight. Here then was considerable friction, since 
the strap made one hundred revolutions in a minute. 

In the American Journal of Science for July, 1840, is mention- 
ed an instance of a leather band in a cotton factory, which ex- 
hibited strong electrical excitement. 

These examples show that leather when subjected to consid- 
able friction yields an abundant supply of electricity. 

In the Proceedings of the American Philosophical Society for 
December. 1840, are mentioned several cases of individuals who 
drew sparks of electricity from a coal stove, and from a common 
grate. lL consider it probable that in those cases the experimen- 
ter was the electrified body, and not the stove or grate. How is 
it possible for a grate containing burning coals, to be insulated, so 
as to retain a charge of electricity? On the other hand, it 1s pre- 
sumed that the experimenter was insulated by standing upon a 
carpet made quite dry by a winter fire. 


XXVIL—On a new method of decomposing NSilicates in the 
process of Analysis ; by Henry Wurtz, of New York. 
Read before the American Association for the Advancement of Science, at New 
Haven, August, 1850. 

Havine had occasion in the course of some researches upon 
the greensand of New Jersey, which will be presented to the 
Association hereafter, to observe the facility with which that sub- 
stance is decomposed by fusion with chlorid of calcium, it oc- 
curred to me that this property of the earthy chlorids might be 
applicable in the analysis of minerals. 

Some experiments were accordingly made with reference to 
this supposition. EF eldspar and hornblende were fused with chlo- 
rid of calcium, and it was found that the masses thus formed 
could be entirely decomposed by hydrochloric acid. 'The use of 
chlorid ef calcium is however obviously attended with several 
inconveniences, such as its deliquescent properties, and the un- 
avoidable introduction of a large quantity of ammoniacal salts 
into the solution, in the separation of the lime from it. 

Chlorid of barium was therefore substituted, and the results of 
experiments upon this reagent were completely successful. 

The chlorid of barium of commerce often contains lead, re- 
sulting probably from the leaden vessels in which it is erystal- 
lized. It is necessary in this case, to pass sulphuretted hydrogen 
through its solution. This solution is then filtered, recrystallized, 
and the washed crystals dried on the sandbath and ignited to drive 
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off the water of erystallization. The pure chlorid of barium 
thus obtained is pulverized and is then ready to be used for 
the purpose here proposed. 

Chlorid of barium may be fused in a platinum crucible by a 
blast lamp, or by an alcohol blowpipe lamp. A mixture of chlo- 
rid of barium and chlorid of strontium in atomic proportions 
fuses however far more easily than either of its ingredients. 
Such a mixture is fused by the heat of an ordinary Berzelius 
lamp, and more easily, | think, than carbonate of soda. This is 
analogous to the well known fact that a mixture of carbonate of 
soda with carbonate of potassa fuses more easily than either of 
the alkaline carbonates by itself. I have found moreover that 
although sulphate of strontia when precipitated by itself, appears 
in a form somewhat gelatinous, tedious to wash and difficult to 
filter, yet when precipitated in the presence of sulphate of ba- 
ryta, it takes on the finely granular form of the latter, and the 
combined sulphates are as easily washed as the sulphate of baryta 
when precipitated alone. 

The atomic proportions of a mixture of chlorid of barium and 
chlorid of strontium, suitable for the fusion of silicates, are about 
four parts of the former to three of the latter. 

The best mode of proceeding was found to be as follows :— 

The mineral in fine powder is intimately mixed with four or 
five times its weight of chlorid of barium, or of the mixture of 
ehlorid of barium and chlorid of strontium, in a platinum cruci- 
ble, which is then covered, and exposed to a heat sufficient to 
fuse the mass for twenty or thirty minutes. When cool, the mass 
is loosened by bending the crucible, and allowed to fall into a 
beaker glass. Water is then poured on it in sufficient quantity 
to dissolve the excess of chlorid of barium, or chlorid of strontium, 
and the undissolved portion allowed to subside to the bottom of 
the beaker. The clear solution is then poured off into a porce- 
lain dish, and concentrated hydrochloric acid is poured upon the 
residue in the beaker. The precaution of removing most of the 
earthy chlorids by means of water before adding the acid, is ne- 
cessary on account of the difficulty of decomposing the mass by 
the direet affusion of strong hydrochloric acid, owing to the in- 
solubility of the chlorids of barium and strontium in this acid. 

After the application of heat to the beaker until the residue 
contained in it is decomposed by the acid, its contents are also 
transferred to the porcelain dish, and the whole contents of the 
latter evaporated to dryness in the usual manner, for the separa- 
tion of the silica. The filtrate from the silica is precipitated 
while hot with a slight excess of sulphuric acid, kept hot for half 
an hour, and then filtered. The filtrate from the sulphate of 
baryta, must contain all the constituents of the mineral except 
the silica, and these may be determined by the ordinary methods. 
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When the mineral thus treated contains sulphurie acid, it will 
evidently remain with the silica in the form of sulphate of ba- 
ryta. A difficulty would also seem to occur when the miveral 
contains much lime, on account of the insolubility of its sulphate. 
This last difficulty is however obviated, in some degree, by the 
very considerable solubility of sulphate of lime in hydrochloric 
acid, a fact which must have been noticed by many chemists. 

The first qualitative experiment was made with a specimen of 
colorless transparent orthoclase from New York island. This 
feldspar was fused with chlorid of barium, according to the above 
process, and the silica thus obtained was found, upen fusion with 
carbonate of soda, to be perfectly pure. 

The next experiment was made upon a black crystallized 
hornblende, from Franconia, New Hampshire. ‘The silica ob- 
tained from this was found to contain considerable more than a 
trace of iron. Ido not therefore venture to recommend this pro- 
ces at present for minerals which contain a very large quantity of 
oxyd of iron. Many more experiments which time has not per- 
mitted me to make, will soon be made to settle this question, 
which I do not consider yet determined. 

To test the chlorid of barium process quantitatively, the min- 
eral called pink scapolite, of Bolton, Mass., long ago analyzed by 
Dr. Jackson, was selected. My results agree entirely with his, 
except as regards the presence of lithia and oxyd of cerium, 
which careful qualitative examination did not enable me to 
detect. 

This mineral was found, contrary to recorded statements, to 
be not completely decomposed by concentrated acids, even when 
finely elutriated. A determination of the silica, made by de- 
composition with hydrochloric acid, gave the per-centage 50°25 ; 
another, made by fusion with carbonate of soda, gave 47°55. 

wo determinations of the specific gravity, made upon the 
identical portion of mineral which was analyzed, dried at 212° in 
coarse powder, gave the numbers 2:7002 and 27046. 

The results of a fusion with chlorid of barium were as follows: 


Silica, A767 24:78 24:78 
Alumina, 25°75 12035 2 12-7] 
Peroxyd of iron, 2°26 oS 
Lime, 17-31 182 2 
Soda, . 7-76 226 § 


Protoxyd of manganese, trace. 


100°77 
Agreeing nearly with the received formula of scapolite— 
(Ca Na)? Si? oAl Si, 


which requires for the oxygen of the protoxyds, peroxyds and 
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silica, the ratio 1: 2:4, while the above analysis gives the ratio 
1:14: 2°06: 4. 

This method appears to possess advantages for decomposing 
silicates which contain both the alkalies, over the ordinary meth- 
ods of fusion with the hydrate or with the carbonate of baryta. 
Hydrate of baryta generally acts upon the crucible, causing ‘the 
mass to adhere to it ; and upon the affusion of hydrochloric acid, 
any potash which the mineral may contain, consequently enters 
into combination as bichlorid of platinum and potassium, and re- 
mains with the silica. ‘The carbonate of baryta process requires 
an intense heat, and is difficult of execution. 

The chlorid of barium process proposed in this paper is prob- 
ably not more laborious than an ordinary carbonate of soda fu- 
sion, and is applicable in cases in which the silicate contains both 
potash and soda. 


Arr. XXVIIL—On the availability of the Greensand of New 
Jersey as a source of Potash and its Compounds ; by Henry 
Wurtz, of New York City. 


Tue vast importance of potash and its compounds in the arts, 
long ago impressed upon chemists the necessity of finding some 
source of these compounds other than the ashes of the forests. 

Accordingly, a great multitude of experiments have been made 
upon feldspar, by various chemists, in the hope of attaining this 
important end, but owing to the peculiar chemical and physical 
properties of feldspar, the success of these researches has been 
doubtful. 

It is true that the feeble affinities exerted by mineral waters 
impregnated with carbonic acid, and even those of pure water 
itself, acting through hundreds of years, have been found sutli- 
cient to break down the constitution of this hard silicate, thus 
giving rise to vast beds of kaolin, but when it is attempted to 
effect the same thing within any reasonable time, by artificial 
means, it is found necessary to bring into play temperatures and 
forces too enormous in amount to be economical in practice. 

I have not been able to ascertain that any one has yet proposed 
to use, as a means of obtaining the end under consideration, the 
vast deposits of the potash mineral called Greensand, which 
exist in the United States, and it is the object of the present pa- 
per to show that this substance is far superior to feldspar in 1's 
adaptation to this purpose. 


Read before the American Association for the Adva f Science, at New 
Haven, A 1850 
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The existence and common attributes of the greensand are 
t afew words on this subject will not be 


generally known, bi 


amiss. It exists in greater or less quantity i several States, but 
has its greatest development, I believe, in the State of New Jer- 
sev, where it forms a stratum of variable thickness, covering a 
great portion of the counties of Monmouth, Burlington, Glouces- 
terand Salem. Wherever it occurs, it is spread upon the land 


in large quantities as a fertilizer, and is a source of wealth to the 
farmers, to whom it is known by the name of M/arl. Its proper- 
ties as a fertilizer are undoubtedly owing to the ease with which 
the potash which it contains is abstracted from it by atmospheric 
agencies, as is suggested by Prof. Henry D. Rogers, in his Report 
upon the Geology of New Jersey, in which he has devoted about 
a hundred pages to the greensand, and has given many analyses 
which indicate the presence of from 10 to 13 per cent. of potash. 
No analyst has, to my knowledge, found potash in the English 
ereensand, the fertilizing properties of which appear to be due to 


the presence of phosphates. 
The external appearances of the New Jersey marl are very 
ilmost entirely composed of grains 


various. Some varieties are 
of greensand, others contain variable proportions of a red or 
brown earth and of quartz. A few contain more or less carbon- 
ate of lime in such a form that it is not acted upon by dilute 


acids in the cold, although upon the application of heat a violent 
ellervescence appears. Many coutain iron pyrites and some a 
trace of sulphate of iron. No variety which I have examined 


has yielded any phosphoric acid. 
| grains themselves contain, besides potash, silica, 


The greensan 
alumina, one or the other or both of the oxyds of iron, and water, 


i 


With sometimes a little magnesia. 

The invariable development of a smell of formic acid by the 
action of strong sulphuric acid upon them, seems to indicate the 
presence of a little organic matter. Analyses of two varieties of 
the marl from the estate of the late Alfred Bishop of Bridgeport, 
at Shrewsbury, Monmouth County, yielded the following results: 


Alumina and oxyd of iron, principally peroxyd, 32°89 34°98 
Potash, . ‘ ‘ ‘ . 638 4-94 


99°25 


It may be remarked here that Prof. Rogers’s results were ob- 
tained upon the greensand grains separated as much as possible 
from intermixed earth and sand, while the above were made upon 
the impure marl itself. 


1 
100-61 | 
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For more detailed information I must refer to the elaborate re- 
port of Prof. Rogers before mentioned. I will only state further 
that the greensand grains are easily pulverized, having only about 
the hardness of gypsum, and that they are decomposed by dilute 
acids, and we then come to the immediate subject of this paper. 

Considering that the greensand contains the constituents of 
alum, with the exception of the sulphuric acid, it seemed proba- 
ble that by the action of sulphurie acid upon it, a solution would 
be formed containing more or less alum. Many experiments 
were made and much time was spent upon this point without 
much success. It seemed as if the protoxyd of iron was dis- 
solved by the acid much more readily than any other constituent 
of the marl, and also that the organic matter interfered in some 
way. ‘The solutions obtained had geterally a dark brown color 
and a smell resembling that of formic acid. They contained 
much sulphate of protoxyd of iron, and gave a few impure crys- 
tals of alum. A portion of the greensand was next gently igni- 
ted, which served the purpose of destroying the organie matter, 


if any was present, and also of peroxydizing the iron, thus ren- 


dering it less soluble in acids. ‘The pulverized and ignited marl 
presented the appearance of a brownish red powder. It was 
easily decomposed by dilute sulphuric acid, yielding a solution, 
the contents of which, upon analysis, proved to be principally 
common alum, together with small quantities of iron-alum and 
of the persulphates of alumina and iron. The first crystals of 
alum obtained from a considerable mass of the solution were al- 
most perfectly pure, and upon the addition of a small quantity of 
chlorid of potassium to the solution, it was found, as might have 
been predicted, that all the tron was converted into the uncrys- 
tallizable perchlorid, the sulphate of potash thus formed by 
double decomposition combining with the free sulphate of alu- 
mina to form common alum; and even in the last crops of erys- 
tals now obtained little or no iron could be detected. ‘The man- 
ufacture of alum, therefore, by the action of sulphuric acid upon 
previously ignited greensand marl, promises to be successful be- 
yond all anticipation. It is obvious that it will be necessary to 
select varieties of the marl as free as possible from lime and mag- 
nesia, Which would cause a waste of acid. 

My researches were next directed towards the production of 
chlorid of potassium. Attempts to form this substance by the 
direct action of hydrochloric acid upon the ignited marl were 
unsuccessful. A very large quantity of perchlorid of iron was 
formed, which would give rise to too great a loss of acid. 

It was next found that by fusing together greensand and chlo- 
rid of sodium at a red heat, a hard mass was formed, which yield- 
ed with water a solution containing potash; but owing to the 
difficulty of separating chlorid of potassium from chlorid of sodi- 
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um when the latter is present in greater quantity than the former, 
this observation was considered of little value. 

A widely different conclusion was arrived at, when chlorid of 
calcium was substituted for chlorid of sedium. ‘The pulverized 
and ignited marl was mixed with a sufficient quantity of chlorid 
of calcium to form upon the fusion of the latter, a pasty mass. 
The decomposition of the greensand takes place in this case at a 
low temperature, and is so complete that I have founded upon 
this circumstance a method of decomposing minerals in the pro- 
cess of analysis, which I have had the honor of presenting to the 
Association before. 

It is evident that the combined water of the greensand must 
be expelled by ignition previous to fusing it with chlorid of cal- 
cium, otherwise a quantity of the fused chlorid of calcium will 
inevitably be decomposed by the steam evolved. The fusion 
may also be performed in close vessels to avoid the decomposition 
which chlorid of calcium undergoes when fused in contact with 
the air. The mass, after fusion, falls to pieces in water, yielding 
to this solvent, in most cases, all the potash which was contained 
in the greensand employed in the form of chlorid of potassium. 
The separation of this from the excess of chlorid of calcium is an 
easy problem, owing to the difference between their solubilities. 

This application of the chlorid of calcium will open a market 
for the large quantities of this substance which are thrown away 
in some manufactories of soda-ash. 

All attempts to procure sulphate of potash by the fusion of 
various sulphates with the greensand were unsuccessful. In 
fact, the greensand itself, at a temperature below the fusing points 
of the sulphates of lime and magnesia, fuses to a black glass 
which is no longer decomposable by acids. 

A great number of other experiments were made upon the 
greensand, but no results were arrived at, which promise to be of 
any practical value except the above. 

A very great number of experiments were also made, having 
for their object to obtain sulphate of potash by fusing together 
chlorid of potassium with alum and with various sulphates, such 
as those of iron, magnesia and zinc, which gave results of great 
practical value, but as these researches had but a fortuitous con- 
nection with those upon the greensand, I shall not introduce an 
account of them here. 

I will merely remark that if sulphate of potash can be obtained 
by fusing together alum and chlorid of potassium, both of these 
being obtained economically from the greensand by the above 
processes, it is evident that this sulphate of potash may be treated 
in the same manner for the production of potash as sulphate of 
soda is in the manufacture of soda-ash, and it seems to me that 
the desideratum of another source of potash is thus supplied. 
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Arr. XXIX.—On the Diurnal and Annual Variations in the 
Declination of the Magnetic Needle, and in the Horizontal 
and Vertical Magnetic Intensities ; by Prof. W. A. Norton. 


In my paper on the Diurnal Variations of the Magnetic ele- 
ments, published in a former No. of this Journal,* I showed that 
the variations of the horizontal magnetic intensity which lie 
between the hours of 10 p. m. and 10 a. m. of the following day 
proceed pari passu, and are undoubtedly in some way physically 
connected with the variations that take place during the same 
interval of time in the quantity of moisture immediately at the 
earth's surface :—or at all events that the deviations from the 
geueral law of proportionality to temperature that occur during 
this interval are effects, direct or indirect, of the deposition of 
dew during the night, and evaporation of moisture during the 
morning hours. I accounted for the connection subsisting be- 
tween such dissimilar phenomena by assuming that particles of 
water in contact with the earth’s surface, (and possibly in the 
vaporous state.) had a direct magnetic action upon the needle, in 
accordance with the general theory that I had advanced. This 
is the simplest assumption that can be made in the case, but it 
is to be observed that the connection in question may possibly be 
attributable to some indirect effect of deposition and evaporation ; 
as, for example, the disturbance of the electric equilibrium, which, 
as is well known, is attendant upon these phenomena, or the 
varying conduction of electrical currents, or some other cause. 
For the present, however, it is most philosophical to abide by 
that view which gives us the highest generalization—which rep- 
resents, at the same time, the normal state of the earth’s mag- 
netism and its periodical variations. 

It is true that we have no authority, derived from experiment, 
for supposing water to have a magnetic action, as the term mag- 
nectic is generally understood. It has only been established, by 
direct experiment, that water detached from the general mass of 
the earth, has what is called a diamagnetic action. But our first 
aim in such inquiries should be to obtain the highest generaliza- 
tion possible, from the discussion of the phenomena merely. 
The reconciliation of this generalization with the results of ex- 
periment is to be reserved for subsequent inquiry. Observation 
and experiment are here two independent paths converging to 
the same great truth. I would also remark, with regard to the 
meteorological discussion, incidentally entered into in the paper 
above referred to, concerning the thermal effect of dew, that this 
effect may perhaps have been overrated, and that the law of the 


* See this Journal, ii ser., vol. viii, p. 35. 
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nocturnal diminution of temperature may be partially attributable 
to the unequal cooling action of ascending currents of air, con- 
tinuing during a portion of the night. Although the fact that 
this law obtains in the calmest nights, and the assertion so often 
repeated by meteorologists that in clear calm nights the tempera- 
ture of the soil falls many degrees below that of the air a few feet 
above it, would seem to render such a supposition inadmissible. 
But, whatever view may be taken of the relative part performed 
by the dew in determining the law of the nocturnal loss of tem- 
perature, it is to be observed that it suffices for the explanation 
of the connection subsisting between this law and that of the 
nocturnal variations of the horizontal magnetic intensity ; since 
it must be admitted that the tendency of the thermal influence of 
dew is to produce an inequality of loss of temperature of the 
same kind with that which actually obtains. However, if the 
inequality in the nocturnal decrease of temperature be not entirely 
attributable to the deposition of dew, it must then be admitted 
that the cause which coéperates meteorologically with the dew, 
may possibly also coéperate magnetically with it in determining 
the law of the nocturnal variations of the horizontal force. 

Having made these explanations and qualifying statements with 
reference to my former memoir, I propose now to show, from 
another point of view, the high probability of the truth of the 
explanation which I have there given of the diurnal variations of 
the horizontal force ; and subsequently to discuss the annual vari- 
ations of the magnetic elements. 

A short time previous to the date of the publication of that 
memoir, | was led to make a comparison between the curves 
showing the diurnal variations of the horizontal force, (as given 
in the Report of the Meteorological and Magnetical Observations, 
made at the Girard College Observatory, 1840 to 1845,) with the 
curves showing the diurnal variations of the height of the barom- 
eter; and noticed that the following remarkable relations subsist- 
ed between them They each have two maxima and two min- 
ima, and the maxima of the one set of curves occur at very nearly 
the same hours as the minima of the other. The same relatious 
may be observed in the following tabular statement. 


Hours of Daily Maxima and Minima of Horizontal Force 
and Barometer, at Philadelphia, for the year 1844. 


Horizontal Force Barometer. 
10 A. M. 4 P.M. 
... i p.m. ta Midnight 


It will be seen that the hours of maxima and minima of the 
barometer differ by not more than one hour from the hours of 
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minima and maxima of the horizontal force. If we make the 
comparison for other years, and also for the quarters of years, we 
fiud a similar approximate correspondence. 

If we descend to a minute comparison, we find that the inter- 
vals between the precise hours of maxima and minima in some 
instances amount to as much as two hours; in fact that the sec- 
ondary or morning minimum of the barometer sometimes pre- 
cedes the secondary maximum of horizontal force by three or 
four hours. If it be imagined that the existence of so large oc- 
casional differences between the times of maxima and minima 
renders it improbable that there is any physical connection be- 
tween the diurnal variations of the barometer and the diurnal 
variations of the horizontal force, it is to be observed that the 
variations both of barometer and horizontal force are compara- 
tively small during the night, and also in general about the times 
of maxima and minima; and therefore that such comparatively 
smail differences may be expected to subsist, unless the two phe- 
uomena be supposed to be identical in their origin. If the times 
of the maxima of the one element were aiways precisely the 
same asthe times of the minima of the other, then it would 
seem highly probable that the diurnal variations of the horizontal 
force are in some way directly dependent upon the diurnal varia- 
tions of the pressure of the air; as it is, the more probable con- 
clnsion ts, that these two different phenomena are two different 
efiects or consequences of the same meteorological phenomenon. 

When I had arrived at this point in the progress of my inves- 
tigations, it at once occurred to me that, as the diurnal variations 
of the horizontal force had been explained by referring them to 
the daily changes in the temperature and humidity of the earth’s 
surface. the diurnal variations of the barometer were probably at- 
tributable to daily changes in the temperature and humidity of 
the air. It was seen that the same evaporation by day which 
tended to dimiuish the horizontal force, would tend, by adding 
to the quantity of vapor in the air, to augmeut the height of the 
barometer, and that the same condensation of vapor at the earth’s 
surface at night, which tended to increase the horizontal force, 
would, by diminishing the quantity of vapor in the air, tend to 
make the barometer fall: also that if these tendencies, in conjunc- 
tion with those due to variations of temperature, are the actual 
producing causes of the diurnal variations of the barometer and 
horizontal force, there would doubtless be an approximate corres- 
pondence between the maxima of the one element and the minima 
of the other. It js somewhat curious that I should have been 
conducted in this indirect manner, to the explanation of the daily 
variations of the barometer, which, as I have since found, has 
been conclusively established, to be the true explanation of this 
phenomenon, by direct observation. This is known to meteor- 
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ologists as Dove’s theory of the diurnal variations of the barom- 
eter. ‘This theory, as stated by Kaemtz, is that the pressure of 
the atmosphere is equal to the sum of the pressures of dry air 
and aqueous vapor, and thus the barometric column is composed, 
so to speak, of two parts; one of which corresponds to the air; 
the other to the aqueous vapor. Now when the temperature 
rises the density of the air diminishes, but the tension of the 
vapor augments, and vice versa. ‘T'o bring his theory to the test 
of figures, “ he analyzed a set of observations made by Neuber 
at Apenrade with a Daniell’s hygrometer. He calculated the 
tension of the vapor for each hour of the day, and subtracted it 
from the barometric column; he thus obtained the pressure of 
dry air, and found that it had but one maximuin and one min- 
imum, each day :’—the former, (at a mean for the year,) occur- 
ring at 1 a. m., and the latterat 2 p.m. Kaemtz adduces his own 
calculations, from other observations, as evidence against the 
theory of Professor Dove. But the results obtained by several 
other observers tend to confirm this theory. The following re- 
sult was obtained from a discussion of the meteorological observ- 
ations made at the ‘Toronto Cbservatory, during the years 1841 
and 1842. “The diurnal pressure of the gaseous atmosphere has 
one maximum which occurs about the coldest hour of the day, and 
one minimum which occurs about the warmest hour of the day. 
The elastic force of the vapor has also one maximum which oc- 
curs at 2 p. M., and one minimum at4a.m. ‘The sum of these 
two pressures however exhibits two daily maxima, viz., at 10 
a.M. and p.m., and two daily minima, viz., about 3 or 4 a. m. and 
p.m. Thus this knotty question respecting the diurnal oscilla- 
tions of the barometer has been beautifully resolved by simply 
interrogating nature.”” A similar conclusion may be drawn 
from the hourly meteorological observations made during the 
year 1842 at the following places in Russia, viz., St. Petersburg, 
Barraoul, Catharinenburg, and Sitka.* It is true that small irreg- 
ularities are noticed, but as the same geueral law appears to exist 
everywhere, it is to be supposed that such irregularities super- 
vene upon it at particular localities by reason of certain local 
peculiarities. 

That the explanation of the diurnal variations of the barome- 
ter, upon Dove’s theory, corresponds precisely to that which I 
have given of the diurnal variations of the horizontal force will 
be readily seen. In the morning, as the temperature rises the 
pressure of dry air diminishes, but the tension of the vapor which 
forms over-compensates this effect, and thus the barometer rises. 
This continues until about 9 a.m. After this the diminution in 
the pressure of dry air prevails over the increase due to the aug- 


* See this Journal for January, 1846, pp. 138, 139, 140. 
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mented quantity of vapor, and the barometer falls until 3 or 4 
p.m. When the temperature begins to fall the barometer also 
descends by reason of the increase in the density of the air: but 
in the evening, when a portion of the atmospheric vapor begins 
to fall in dew, a tendency to a diminution of the barometric 
pressure arises, but it is not until about midnight that this ten- 
dency begins to prevail over the tendency to an increase. From 
that time the barometer falls, from this cause, until towards the 
hour of minimum temperature. 

The explanation which I have before given of the diurnal 
variations of the horizontal force is, in substance, as follows. In 
the morning as the temperature rises the molecular magnetic 
force increases, and therefore the horizontal force tends to in- 
crease, but the diminution arising from the evaporation going on 
at the earth’s surface over-compensates this tendency, and hence 
the horizontal force, on the whole, decreases. ‘This continues 
until about 104. m. After this the increase, from the rise of 
temperature, prevails over the diminution produced by the con- 
tinued evaporation* until about 4 p.m. From that time the hori- 
zontal force decreases with the temperature until about 11 Pp. ™.; 
when the tendency to increase resulting from the deposition of 
dew begins to prevail over the opposite tendency resulting from 
the falling of the temperature. ‘This second augmentation con- 
tinues until about 5 a. m. 

In view of what has now been stated it will, I think, be ad- 
mitted that the diurnal variations both of the horizontal magnetic 
force and of the barometer are in all probability certain effects 
resulting from the joint operation of the same two general antag- 
onistic causes—viz., variations of temperature and variations of 
humidity. The theory of the variations of the horizontal force 
which I have advanced is in accordance with the fact of the ap- 
parent connection subsisting between these phenomena. Other 
theories may perhaps be devised, equally in accordance with this 
singular fact ; and indeed it must be conceded that it is strongly 
suggestive of the idea that the cause of the variations of the 
horizontal force, like that of the variations of the barometric 
column, must subsist in the atmosphere. In fact if it be admit- 
ted that the particles of the atmosphere and of the atmospheric 
vapor have a magnetic action upon the needle, like those of the 
solid mass of the earth, then it is a simple consequence of the 
principles of the general theory under consideration that the hori- 
zontal force will vary, by reason of this action, after the manner 
in which it is observed todo. For, the greater portion of the 
atmosphere being posited above the needle, the tendency of its 


* It is to be observed that we are here speaking of the average state of things in 
the course of a year, or quarters of a year, 
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action will be to diminish the horizontal force; and therefore 
when the number of particles of humid air increases immediately 
above the needle and the barometer falls, the horizontal force 
will diminish. Whether the atmosphere has really any effect, 
and if so, what portion of the observed changes is due to it, and 
what to the action of the varying temperature and humidity of 
the surface of the ground, cannot, perhaps as yet be established 
with certainty. The occasional occurrence in the atmosphere of 
the luminous magnetic phenomenon, called the Aurora Borealis,— 
a phenomenon which, (as [ think may be clearly shown, ) is also 
dependent upon the same two meteorological elements, viz., 
temperature and humidity—seems to favor the idea of atmos- 
pheric magnetic action: but, if it be conceded that, as is generally 
supposed, electrical currents flow along the auroral columns, we 
have in these currents apparently a sufficient explanation of the 
magnetic action of the aurora, and have therefore no good ground 
for supposing that the atmosphere has a magnetic action 1n its 
normal state. We may, however, still conjecturally connect the 
aurora with the diurnal variations of the horizontal magnetic in- 
tensity by imagining that the daily changes of temperature and 
humidity of the atmosphere are attended with electrical currents 
which traverse the atmosphere without producing any percepti- 
ble luminosity, or perhaps any other perceptible eflects, except 
upon the magnetic needle. 

The philosophical course for the present, however, is to abide 
by the theory which furnishes the most direct representation pos- 
sible of the connection subsisting between the barometric and 
magnetic variations, and at the same time accords with a general 
theory that satisfies the conditions imposed by the normal state 
of the earth’s magnetism. 


Annual Variations of the Horizontal Magnetic Intensity. 


It having been established (or at least rendered in the highest 
degree probable) that the diurnal variations of the horizontal 
magnetic intensity are due to changes in the temperature and 
humidity of the earth’s surface (or atmosphere ), we naturally seek 
for the explanation of the annual variations of the horizontal 
force in annual changes of temperature and humidity. We have 
moreover seen that the diurnal variations of the horizontal force 
and barometer are linked together, and due to the same two gen- 
eral causes. It is therefore to be inferred that a similar connec- 
tion must subsist between the annual variations of the horizontal 
force and barometer, and that the two phenomena must be other 
parallel effects of changes of temperature and humidity. Now 
if we compare the curve showing the variations of the horizontal 
force from month to month with the corresponding curve for the 
barometer, we in fact find an approximate correspondence be- 
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tween the maxima of the one and the minima of the other.* In 
the midst of irregular variations the following general law is very 
manifest in the curve of the barometric variations, viz., there is 
a maximum in January (or thereabouts), a minimum in the spring, 
another maximum about August, and another less decided mini- 
mum in the fall. This law has also been revealed by the ob- 
servations made in Europe. It is stated as follows by Kaemtz, 
(Cours Complet de Meteorologie, vp. 282.) “Setting out from 
winter the pressure” (of the air) “diminishes until the equinox, 
then it augments in summer without attaining nevertheless to the 
winter mean; we afterwards find in autumn traces of the second 
minimum, then the curve rises again until winter.” The same law 
is also manifest in the curve for the horizontal force, substituting 
maximum for minimum ard minimum for maximum. Before 
noticing this connection between the annual variations of the hori- 
zontal force and of the height of the barometer, I inferred from 
my previous investigations that the following was probably the 
true explanation of the annual variations of the horizontal force. 

Irom the winter to the summer this force tends to increase by 
reason of the increase of temperature, and to diminish by reason of 
the loss of moisture from the earth’s surface (or increase of vapor 
inthe air). Fora time the first cause prevails over the second and 
thus the force augments. But the formation of vapor will be pro- 
portionally more and more rapid for the same rise of temperature, 
and thus it happens that some time during the spring the ten- 
dency to a diminution of the horizontal force comes to prevail 
over the tendency to an increase. ‘This state of things contin- 
ues until the time of maximum temperature (July or August). 
After this for a certain time the temperature will fall without a 
proportionate diminution in the quantity of vapor in the air; and 
thus the horizontal force will continue to decrease for a certain 
time beyond the time of maximum temperature. But we may 
expect that during the autumn the rapid diminution in the quan- 
tity of vapor in the air will give rise to an opposite tendency ; 
which will continue until the effect of the average daily loss of 
vapor (being proportionally less from day to day) comes to be 
overbalanced by the opposite effect of the diminution of temper- 
ature. ‘Thus there may be a second maximum in the fall, follow- 
ed by a minimum in the winter. While this would be the gen- 
eral course of things, there would be room for material irregular- 
ities in individual years. 

This explanation of the annual variations of the horizontal 
magnetic intensity [ find to be substantially the same, mutatis 
mutandis, as that given by Professor Dove of the corresponding 
variations of the height of the barometer. He has established 


* See Plates in Report of Observations at Girard College Observatory. 
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that the pressure of dry air has but one maximum and one min- 
imum during the year,—the former in the winter and the latter 
in the summer. The tension of the atmospheric vapor, on the 
other hand, attains its minimum in the winter and maximum in 
the summer. From the combination of these two pressures there 
results two maxima and two minima of actual pressure, as pre- 
viously stated. There is “a minimum in the spring beeause that 
then the pressure of dry air diminishes rapidly, while the quan- 
tity of vapor is not yet very considerable. We find traces of a 
secoud minimum in autumn because the quantity of aqueous 
vapor diminishes rapidly, while the pressure of dry air increases 
slowly.” 

It must accordingly be admitted to be highly probable that 
the annual variations of horizontal magnetic intensity are attribu- 
table to the combined operation of the same two general antag- 
onistic causes as the diurnal variations, viz., variations of tem- 
perature and variations of humidity. It must also be admitted 
that the existence of such a connection between these diurnal and 
annual magnetic and meteorological phenomena is a necessary 
inference from the Thermal Theory of Terrestrial Magnetism ; 
and that this theory furnishes a rational and consistent explana- 
tion of the laws of the magnetic variations. 


Annual Variations of the Vertical Magnetic Intensity. 


On examining the curve showing the annual variations of the 
vertical magnetic intensity at Philadelphia for the years 1841 to 
1845, we find that the general law is that the imtensity 1s greatest 
about June or July, and least about December or January. To 
this general law an exception occurs in the year 1841—the force 
decreasing, instead of increasing, from the first of the year until 
July, and then increasing until November, after which there is a 
decrease in accordance with the general law. Now it will be 
recollected that, agreeably to the theory under consideration, the 
vertical magnetic force is dependent upon the differences of tem- 
perature between the station of the needle and all places situated 
to the north or south of this station, within the circle of sensible 
magnetic action. We have therefore to enquire whether these 
differences observe the same law of variation as the vertical mag- 
netic intensity ; and also whether there is any exception to the 
general law, corresponding with that above mentioned, during the 
year 1841. The observations which I have obtained suited to 
this inquiry, (viz., the mean monthly temperatures at Wash- 
ington, Newtown, Port Carbon, and Silver Lake, for 1841 and a 
part of 1842, and at Trenton for 1842) furnish results which ac- 
cord, for the most part, with the theory. But as these results 
are confined to one or two years, no certain conclusion can be 
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drawn from them ; I shall accordingly reserve this discussion for 
a future occasion. 


Annual Variations of Declination. 


According to the theory under consideration the annual varia- 
tions of declination are attributable to the annual variations in 
the position of the isothermal line—or rather, to be precise, of 
the line of equal molecular magnetic intensity, which must ap- 
proximate more or less to the isothermal line. Now the annual 
movements of the isothermal line may be ascertained by discuss- 
ing the annual variations that take place in the differences be- 
tween the mean monthly temperature at Philadelphia and at 
some place to the east or west of Philadelphia ;—that is, suppos- 
ing that the law of the variation is the same whatever place so 
situated with regard to Philadelphia be taken. The following 
table shows the mean monthly differences of temperature for 
1841, between Philadelphia and several places to the west of 
Philadel phia. 

Mean Monthly Differences of Temperature for 1841. 


jJan.|Feb. (Mar. April.| May June. | July. A’g Sept Oct. | Nov.|Dee 


Phila. and Lancaster,}. . 0-06 | O23) O91 093; 150/416471 
and Gettysb'g,|. . 2°05 189) 213... 189. -15°88) 5-09 4-70 
and Carlisle, |...'.../.. 19 |-1°5 150 |59 
and Harrisb’g,}...'4°9 |-2°8 £5 134 


It will be observed that the mean monthly differences of tem- 
perature for all these places are greater at the beginning and end 
of the year than toward the middle of the year. The minus 
sign indicates that the temperature at Philadelphia is less than at 
the other place. 

It appears from these results that during the year 1841, the 
temperature at places to the west of Philadelphia, from being less 
than that at Philadelphia at the beginning of the year, became 
equal to it, or greater, toward the middle of the year, and less 
again at the close of the year. The isothermal line through 
Philadelphia must therefore, on the west side of Philadelphia, 
have moved towards the north during the first part of the year, 
and towards the south during the latter part of the year. ‘The 
tendency of these movements would be to make the declination 
least toward the middle of the year and greatest at the beginning 
and end of the year. Now, as a matter of fact, on examining 
the curve given in the Report of the Observations at the Girard 
College Observatory, showing the annual variations of declina- 
tion at Philadelphia, we find that in 1841 the declination was 
greatest in January and February, and again in November and 
December, and least in April and May. On inspecting the table 
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given above, it will also be seen that an irregularity occurs in the 
month of October. In the curve of the declination there is a 
corresponding irregularity ; the declination was less in October 
than in September, and much greater in November than in 
October. 

The curve of annual variations of declination above referred to, 
shows that the same general law obtained during the entire pe- 
riod of the observations comprised between June, 1840, and the 
beginning of 1844. ‘The following table shows that the varia- 
tions of the difference of temperature between Philadelphia and 
Lancaster followed the same law during this period. 


Mean Monthly Differences of Temperature between Philadelphia 
and Lancaster, Pa. 


Jan. | Feb. |March.| April. | May. | June.| July. | Aug. | Sept.| Oct. Nov.) Dec. 
1841 150 ros O88) Ol 150 4:16 4°71 
842 |2°2 rd 2°3 rs 1-2 17 |}-09 -O7 | 19 16 
] l 10 | 00 OY | 


The temperatures at Philadelphia used in the calculations are 
those given in the Report of the Girard College observations, ex- 
cept in the case of the year 1841, for which the temperatures 
published in the Journal of the Franklin Institute were used. 
The temperatures for Lancaster were obtained from the Journal 
of the Franklin Institute and from the original manuscripts of 
Dr. W. M. Atlee’s Reports to the Franklin Institute which he had 
the kindness to place in my hands. ‘The observations for Get- 
tysburg, Carlisle, Harrisburg, and W. Chester were also obtained 
from the published reports to the Franklin Institute, under the 
general system of meteorological observation established by this 
lustitute. ‘The daily observations were made at 7 a.M., 2 P.M., 
and 9 p.m. 

It is to be observed that the comparatively large plus differen- 
ces of temperature that oecur in the year 1841, as given in the 
above table, are to be attributed to the fact that the temperatures 
at Philadelphia as reported to the Franklin Institute are higher 
than as given in the Girard College observations. Making use of 
the latter we obtain for the 
Differences of Temperature between Philadelphia and Lancaster 

for 1841. 


jan.) Feb, )March., April. | May. June. | July Aug. | Sept. | Oct. | Nov. | Dec. 


10 -18 26 3-() 31 29 | - 13 06 


The results which we have obtained leave little room to doubt 
that the principal annual movements of the needle are connected 
with certain corresponding movements of the isothermal line ; 
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and that the connection is such as our theory ealls for. The 
question of this connection cannot however be definitively settled 
until we have obtained a longer series of observations, and at a 
greater number of places. 


General Results, 


It may be well to reeapitulate here the more important results 
arrived at in this and the previous memoir. 

1. The diurnal and annual variations of the horizontal mag- 
netic intensity are due to the joint operation of two general an- 
tagonistic causes, viz., variations of temperature and variations of 
humidity. 

2. The diurnai and annual variations of the height of the 
barometer (or pressure of the air) are attributable to the same 
general causes ;—with this probable difference, that in one case 
the effects result directly from changes in the temperature and 
humidity of the air, and in the other from changes in the tem- 
perature and humidity of the earth’s surface. 

3. The variations of horizontal magnetic intensity and of bar- 
ometric height follow the same law; with the single exception, 
that the maxima of the one element occur at the same hours as 
the minima of the other. 

4. ‘The observed variations of the horizontal magnetic inten- 
sity are legitimate consequences of the thermal theory of terres- 
trial magnetism ; granting that moisture has a magnetic action. 

5. ‘The deviations, in the variations of the horizontal force, 
from the general law of proportionality to temperature, are modi- 
fications produced by the deposition of vapor from the atmos- 
phere and the evaporation of the same from the earth’s surface. 
In the case of the diurnal variations these effects (taking the mean 
of three months’ variations) are confined chiefly to the interval 
between sundown and the hour of 10 a.m. on the following day. 

6. ‘Taking the mean for three months, the amount of the de- 

crease of the horizontal force during the morning hours depends 
chiefly upon the quantity of rain that falls.* The explanation 
of this dependence is that the diminution of this force in the 
morning is owing to the evaporation which then occurs, and the 
average amount of this evaporation must be mainly dependent 
upon the average quantity of rain that falls. 
7. The deposition of dew at night which has the effect to 
check, and even overcome the diminution of the horizontal force 
due to the fall of the temperature, exerts also an important influ- 
ence in moderating the nocturnal decrease of temperature, which 
does not appear hitherto to have been recognized.t 


* See this Journal, 2nd ser., vol. viii, Number for Nov., 1849, p. 353. 
¢ See this Journal, 2nd ser., vol. viii, Number for Sept., 1849, p. 226. 
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8. The diurnal variations of the vertical maguetic intensity 
are, for the most part, in accordance with the idea that they arise 
from variations in the difference between the temperature at the 
station of the needle and the temperature at a place to the north 
or south of it. 

The annual variations of vertical force and difference of tem- 
perature also appear to proceed pari passu with each other; but 
the observations hitherto discussed are too limited to settle defini- 
tively the question of natural dependence. 

9. There is an undoubted connection between the diurnal 
variations of the declination and those of the horizontal force. 
This connection may be described as follows: when the curve 
showing the diurnal variations of the horizontal force is concave 
upward, the declination (westerly) is increasing ; and when the 
curve is convex upward, the declination is decreasing. As a 
consequence the maxima and minima of declination must be 
cotemporaneous with the points of inflexion of the eurve of 
horizontal force.* 

10. This connection accords with our theory, agreeably to 
which the declination varies with the shifting position of the line 
of equal molecular magnetic intensity ;—which line must be very 
nearly coincident with the line of equal horizontal magnetic 
force. ‘The line in question differs from the true isothermal line 
by reason of the modifications of the horizontal foree mduced 
by changes of humidity. 

11. The annual variations of declination appear to be mainly 
dependent upon an annual oscillatory movement of the isother- 
mal line. ‘This result accords with the theory if we grant that, 
taking the monthly means, the isothermal line will differ but 
little from the line of equal molecular magnetic intensity. We 
know that these lines must approximate more or less to each 
other. ‘lhe degree of approximation can only be directly ascer- 
tained by a detailed and extended discussion. 


Art. XXX.—On the Analogy between the mode of Reproduc- 
tion in Plants and the “ Alternation of Generations” observed 
in some Radiata; by James JD. Dana. 


Read before the American Association for the Advancement of Science at New 
Haven, August, 1850. 


Tue very remarkable fact that a Polyp and a Medusa may be 
in some instances different states of one and the same species, 
has been well established of late by the researches of Sars, 
Dalyell, Steenstrup, and others; and recent important observa- 


* See this Journal, 2nd ser., viii, 360, 361. 
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tions have been made on the subject by Professor Agassiz. The 
alternations are as follows:— 

1. The Medusa produces eggs ;— 

2. The eggs, after passing through an infusorial state, fix 


themselves and become polyps, like Coryne, Tubulariz, or Cam- 


panularia ;— 

3. The polyps produce a kind of bud that finally drops off 
and becomes a Medusa. 

Thus the egg of a Medusa, in such cases, does not produce 
a Medusa, except after going through the intermediate state of a 
polyp. 

Or if we commence with the polyp, the series is thus:— 

1. ‘The polyp produces bulbs that become Medusz ; 

2. The Meduse produce eggs ; 

3. The eggs produce polyps. 

This is what is called by Steenstrup “ Alternation of Genera- 
tions ;” and he considers the earlier generation as preparing the 
way for the latter. It certainly seems to be a most mysterions 
process :—a parent producing eggs which afford a progeny of 
wholly different form, (even so different, that naturalists have 
arranged the progeny in another grand division of the Radiata 
and this progeny, afterwards, by a species of budding or gem- 
mation repeating the form of the original parent. 

Yet although seemingly so mysterious, is not this mode of de- 
velopment common in the vegetable kingdom? Is it not the 
prevalent process in the plants of our gardens and fields, with 
which we are alli familiar? 

It is well known to us, that in most plants, our trees and 
shrubs for example, growth from the seed brings out a bud of 
leaves; from this bud after elongation, other leaf-buds are often 
developed, each consisting like the first of a number of leaves. 
It is an admitted fact (as may be found in ‘Treatises ou Vegetable 
Physiology) that each of these buds is a proper plant-individual, 
and that those constituting a tree are as distinct and independent 
as the several polyps of a compound zoophyte ; and that the tree 
therefore is as much a compound group of individuals, as the 
zoophyte. In some cases the plant forms but a single leaf-bud; 
in others, where there is successive gemmation for a period, the 
number is gradually multipled, and more or less according to the 
habit of the species. So among polyps, there is the simple and 
compound Tubularia, Campanularia, and the like. 

After the plant has sufficiently matured by the production and 
growth of its number of leaf-buds, there is a new development— 
a flower-bud,—consisting of the same elements as the leaf-bud, 
but wholly unlike it in general appearance—as much so, as the 
Medusa is unlike the polyp. The flower-individual starts as a 
bulb from the leaf-individual, or the group of leaf-individuals, 
and is analogous in every respect to the bulbs from the Campanu- 
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larie and allied species; and when it has fully matured, it pro- 
duces, like the Medusa, ovules or seed—these seed to begin the 
round again of successive or alternating developments. 

Thus among plants the seed produce leaf-individuals; these 
yield bulbs or buds becoming flower-individuals ; and these pro- 
duce seeds; precisely, as the egg produces polyps, the polyps, 
bulbs that develop into Medusie, and the Meduse, eggs. 

When we follow out this subject minutely, we find the anal- 
ogy completely sustained even in minor points of structure and 
crowth. ‘The leaf-bud consists of ieaves developed in a spiral 
order; and in the polyp, as some species show beyond doubt, the 
tentacles and corresponding parts are spiral in development. The 
same spiral character is found in the flower, but the volutions are 
so close as not to be distinguished readily from circles. In the 
Meduse referred to, the regularly circular form is far more neatly 
and perfectly developed than among the polyps—as is clearly seen 
in acomparison of the polyp Coryna, with the elegant Sarsia, a 
species of which is described and beautifully delineated in Pro- 
fessor Agassiz’s recent memoir, published by the American Acad- 
emy of Arts and Sciences at Boston. ‘The relations in structure 
between plants and polyps might be farther dwelt upon ; but for 
other observations the writer would refer to his volume on 
Zoophytes. 

The only point in which the analogy seems to fail, is that the 
Medusa-bud falls off before its full development, while this is not 
so with plants. But it is obvious that this is unimportant in its 
bearing on this subject. It is a consequence of the grand differ- 
ence in the mode of nutrition in the two kingdoms of nature; 
for the plant-bud on separation loses its only means of nutriment. 

The law of alternating generations is therefore no limited 
principle, strange and anomalous, applying only to a few Radiata. 
It embraces under its scope, the vegetable kingdom, and it is but 
another instance of identity in the laws of growth in the two 
great departments of life. 


Arr. XXXL—On Electro-magnetism as a Moving Power ; by 
Prof. Cuas. G. Pace. 


Nortr.—We are expecting from Prof. Page a description by 
himself of his new electro-motive engine: and in the mean time 
give a brief explanation of its fundamental principle, with the 
following Report to the Secretary of the Navy upon the progress 
of his investigations. 

It is well known that when a helix of suitable power is con- 
nected with the peles of a battery in action, that an iron bar 
within it will remain held up by the induced magnetism al- 
though the helix be put in a vertical position: and if the bar 
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be partly drawn out of the helix by the hand, it goes back with 
a spring when the hand lets go its hold. This power—the 
action of the helix upon the metallic bar within it,—is the power 
used in his engine. ‘The power, when a single coil is used, has 
its points of greatest and weakest force, and in this condition is 
objectionable. But by making the coil to consist of a series of 
short independent helices, which are to be brought in action sue- 
cessively, the metallic rod is made to pass through the coil and 
back again with great rapidity and an equable motion. In all the 
engines hitherto used, there is a loss of power at the instant of the 
change of current, owing to the production of a secondary current 
moving in the opposite direction, and to this loss is owing the fact 
that these engines cannot be rendered available. Prof. Page had 
in view the obviating of this difficulty when he commenced his 
recent investigations, and has full success in his new invention. 

The report below is an outline only of his experiments on the 
application of Electro-magnetism, and is dated, Aug. 3d, 1850. 
We take the Report from the National Intelligencer of Septem- 
ber 4.—Ebs. 


From the brief time allowed, it will be impossible for me to do 
more in this respect than to give an outline of the experiments 
which I have repeated and recorded during the past year. Their 
full detail and explanation will form a volume, replete with inter- 
esting scientific matter, and require much time and labor. 

The first principal experiments were made with a small trial 
engine, built expressly for the purpose, and with the utmost care 
in reference to mechanical accuracy. Attached to this was a dy- 
namometer of new construction, and admirably adapted to the 
purpose. ‘This was invented by my principal engineer, and meas- 
ured in a most satisfactory manner the dynamic power of the en- 
gine, at any given velocity—a great desideratum in estimating 
this new power. With this trial engine the following important 
questions were tested : 

1. The dynamic values of different qualities of soft iron. 

2. The dynamic values of steel, hard and soft. 

3. The dynamic value of cast iron. 

The statical values of all these varieties were tested by a sepa- 
rate apparatus, constructed for the purpose, called the axial galva- 
nometer. ‘T'welve varieties in all were tested, and were in bars of 
uniform size, one foot in length, and one inch in diameter, and it 
was found that the statical and dynamic properties corresponded. 

4. 'The proportions of the helices were approximately tested 
though much remains unsettled yet upon this important point. 

5. ‘The advantages of keeping up the magnetism in the axial 
bar was most satisfactorily tested. 

6. Various modes were tried of reversing the motion of the 
engine, and with success. 
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7. Various kinds of cut-off (which is the most critical and im- 
portant point in the construction of the engine) were tried. 

8. The operation of closed circuits and secondary currents was 
tested by a number of experiments, requiring great care and ac- 
curacy. 

9. The best working velocity of this engine, and its absolute 
power with a given battery, was fully tested. 

10. The ratio of increase of power, with an increase in the 
quantity of the current. 

11. The values of different kinds of metal in forming the cut-off. 

12. Various mechanical points of construction, snpposed to 
have been incompatible with the exhibition of this power, were 
put to a practical test. 

Various other minor points also were the subject of experiment, 
which will be communicated hereafter. 

A second model, of small size and somewhat rude construc- 
tion, was also made, with a view of testing a new arrangement 
of the axial bars. 

Experiments were then commenced upon a larger scale, witha 
view to determine whether the same proportion of power could 
be obtained from large as from small engines, this being the 
principal question in view at the time of the grant of the appro- 
priation. 

With a view to facilitate the construction of helices of large 
size, a machine which had long been in contemplation was made 
at a considerable expense. ‘The work was done at the Navy 
Yard in a creditable manner, and the machine performed its work 
well, turning out entire helices of copper wire, of large size, from 
straight bars. But before I had proceeded far, a discovery was 
made in reference to the helix, which rendered the machine use- 
less; for the present at least. 

A number of large helices were then constructed of various 
sizes, and suitable bars of soft iron prepared, corresponding to the 
helices. Hollow and solid bars were prepared, from two inches 
to eight inches in diameter, and generally three feet in length. 
Some bars of four and five feet in length were also prepared. The 
bars were all worked at the Navy Yard, and at a considerable ex- 
pense, as they were required to be of homogeneous metal, accu 
rately turned and bored. 

With these bars and helices, a multitude of experiments were 
performed and recorded, and these were kept up day after day 
for about two months. My ofticial duties as Examiner in the 
Patent Office left me only the evening of each day for operation ; 
and, under such circumstances, you will readily appreciate the 
difficulties and disadvantages under which I have labored. My 
own zeal has led me beyond my strength; but I have been richly 
rewarded by the most flattering results. 

Srconp Series, Vol, X, No. 80.—Nov., 1850, 44 
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The experiments here were not such as could be performed 
upon the laboratory table; but were with large masses of iron, 
weighing in some cases three hundred pounds, and helices some- 
times twice that weight. 

Adhering to the same size of battery through a long series of 
experiments, and varying the coils and bars, I found, to my great 
gratification, that as I increased the dimensions of each, a corres- 
ponding increase of power was exhibited, and the consumption 
of material, or cost of the power, in some proportion diminished. 
These results were encouraging and stimulating in the highest 
degree, and fully justified the undertaking at once of an engine 
upon a much larger scale than any hitherto tried. 

This engine, the frame-work of which was principally built 
at the Navy Yard, was an upright engine of two feet stroke ; and 
in order to have facilities for comparative trials and experiments, 
it was necessary that a double engine should be made, the two 
parts exactly corresponding. ‘T'wo bars of soft iron, six inches 
diameter and three feet in length, were the prime movers, and 
these were balanced by means of connecting rods and cranks 
upon a fly-wheel shaft. The balance wheei and shaft together 
weighed six hundred pounds. When this engine was first tried, 
with the same battery which had before given me one-fifth of a 
horse power, with a smaller engine, it produced only one-third of 
a horse power. By careful attention to the adjustments, and par- 
ticularly to the cut-off, which was a very different thing now 
from what it had been in smaller engines, the engine soon yielded 
one horse power. Here was a gain of eighty per cent. as meas- 
ured merely by the size of the battery. But it was much more; 
for the cost was found to be less for one horse power than it had 
been before for one-fifth of a horse power, in a smaller engine; 
how much less has not yet been ascertained. 

A great variety of experiments were continued with this engine, 
to be hereafter detailed, each having a definite object; and, I 
am happy to say, each resulting advantageously, so that finally, 
by little daily increments, I obtained from this engine, by a tri- 
fling addition of battery, a full two horse power. 

By way of giving a practical character to the engine, it was 
geared toa circular saw ten inches diameter, the turning-lathe 
and grindstone of the workshop, all of which it worked simulta- 
neously, as witnessed by a number of visitors, and, if I mistake 
not, by your predecessor in office, in company with Lieut. Maury, 
of the National Observatory. 

After many satisfactory trials with this engine, it was taken 
down, and all its available parts used in the construction of the 
single horizontal engine which I had the honor lately to exhibit 
before the Smithsonian Institution. This change was made for 
the purpose of dispensing with the dead weight of one of the 
driving bars, and more particularly for introducing the important 
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feature of keeping up the magnetism of the driving bar. As 
soon as this new form was completed and tried, a gain of one-half 
horse power was at once realized, and by the addition of a few 
more feet of battery surface, the power was found to be above 
four-horse. Further addition of battery would still augment the 
power, and I see no reason why ten horse power might not be 
obtained from this engine, by the addition of more battery ; but 
whether it would be economical to increase power by this mearis 
alone, and to ascertain the point, for this and every other engine, 
beyond which economy would cease by increasing the battery 
alone, are matters to be determined by experiment. 

The next most important point to be determined was the ex- 
pense of this power. Much to my own surprise and gratification, 
the expense was found to be less than the most expensive steam 
engines, although recently, in Europe, it has been decided by ex- 
perimenters and men of science, and generally conceded, that it 
was fifty times the cost of the dearest steam engines; but this is 
no obstacle to its introduction, considering its immense advanta- 
ges in other respects. Moreover, if thus much has been done in 
the very inception of this undertaking, what may we reasonably 
expect from its further prosecution ?* 

Before it can be rendered available in practice, much remains 
to be done with the galvanic battery, to render its action regular 
and durable, and in other ways to establish a certainty of action, 
so that the engines may be managed by persons not thoroughly 
skilled in the subjects of electricity and magnetism. 

It remains yet also to be proved whether the power will in- 
crease in proportion to the size of the engines. This principle 
seems to be strongly indicated by past experiments; but yet it 
cannot be established by calculation or process of reasoning. Ex- 
periment upon an extensive scale can alone determine this point. 
A part of the work preparatory to building a locomotive engine 
has been done; but it seems necessary to try further experiments 
before incurring the expense of another large engine upon the 
plan above mentioned. The rotary form of the engine has not 


* Prof. Page, as mentioned in our last number, stated in his remarks before the 
American Association, that one horse power for twenty-four hours, would cost about 
20 cents. Prof. W. R. Johnson observed that his estimate was based upon too high 
a cost for the zinc, and that 10 cents would be a nearer estimate. In either case, a 
very great advance is made upon all previous experiments. 

Prof. Page also observed, that the cost of electro-magnetic power was not to be 
reckoned in this comparison by the mere cost of zinc, nor the cost of steam by the 
pounds of coal consumed. The cost of human life, the sacrifice of millions of prop- 
erty, and risk of many millions more, and all the contingent advantages and disad- 
vantages were to taken into account. 

With regard to his mode of measuring the power of the engine, Prof. Page ex- 
plained as follows after drawing a diagram of the fly-wheel. The brake was loaded 
to 620 lbs. The power required to barely keep the engine in motion under this 
load was 126 Ibs. The full power being on, the engine made eighty revolutions per 
minute under this load. The circumference of the wheel being about four feet, it 
was easy for any one to compute the horse power from these data. 
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yet been tested, although it possesses advantages not to be found 
in atury form of the reciprocating engine. There are some ob- 
vious disadvantages attending its construction; but it is hoped 
that they will be outweighed, more especially as this form of the 
engine will occupy less than one-half the room required for the 
reciprocating form.* 

It would seem very desirable that the investigation thus begun, 
and so far successfully conducted, should be carried at least be- 
yond an uncertain issue, and that every important point should 
be settled, and particularly that of its availability on an extensive 
scale. ‘I'he power is peculiarly fitted for purposes of navigation, 
if itcan be made subservient; and atrial upon a scale of one 


* The follewing notice of Prof Page’s experiments is from the Daily National In- 
tel'isencer of September 11, 

Since the first announcement by Prof. Page of the results of his discoveries, I 
have seen in several public journals accounts of inventions for the same purpose, by 
other persons and in most of them claims to novelty and great superiority. I had 
some curiosity to refer to Professor P. an article of this kind, from a late number of 
the St. Louis Republican, in which it was stated that Mr. Bland, of that city, had a 
new invention, “far in advance,” as was shown by calculation, “of that adopted by 
Professor Page,” On making the reference, my attention was called to an article in 
the 86th volume of Silliman’s Journal, page 352, published in 1839, in which Profes- 
sor Page had explained and figured an electro-magnetic engine, exactly like Mr. 
Bland’s, and which plan, [ was informed, was abandoned more than ten years ago. 

The fact is, Dr. Page’s method is peculiar and entirely new, and distinct from every 
other hitherto tried; and therein lies the source of his success. Instead of going 
upon beaten tracks, which, though seemingly fair, he was persuaded would not reach 
the desired end, he marked out an entirely new one. One great difference between 
his and other plans, as [ understand it to be, is this: In all former electro-magnetic 
machines, the power is made up of a series of impulses, while in this, which he styles 
an arial machine, or engine, the power is uniform and continuous ; and it is just as 
easy to make a reciproeating engine of twenty-four feet stroke as one of two feet, 
like that already constructed and recently exhibited. 

[ saw at the laboratory of Dr. Page, a retary arial engine, which he thinks may, 


in many cases, supersede the reciprocating. It is really a curious machine; and 
looking at this, and all his wonderful results, it appears as if we had just entered 
upon a new era in science and art, promising revolutions in social life and business 
lous to the peaple of the day as have been those effected by the 


pursuits as nuracu 
steam enzine and the magnetic te legraph 

In order to show that there was something like power, he loaded down the engine, 
placed the crank at half stroke, and then a hook oyer the end of the crank, to which 
hook was attache da lo y rope. Three of the strongest men of the party then took 
hold of the rope two of them having their feet braced. The three men could not 
start the engine a hair’s breadth. Four of the men then took hold, and they moved 
the crank two inches, where it stuck fast. The power was then let on, and the en- 
started, and made a speed of ninety revolutions in a minute. By taking off 
fourteen pounds from the end of his friction brake the engine made one hundred 
and ten revolutions per minute. Professor Page stated that this was not testing the 
power of the engine, but it showed that what four men could but just move through 
two inches, the engine carried through one-fifth of a mile, and that, too, in one min- 
ute. Understand that, from the change in the position of the crank, the power of 
four men could go no further than the two inches 

Professor Page expects to make a trial upon a railroad soon. He has sufficient 
power now to make a demonstration; but is not satistied with it. He would be 
glad to make the first trip with fifteen to twenty horse power. It is, however, 
in navigation that he expects the greatest benefits from this invention, and I 
would like to see the project carried out of an engine and magnetic boat [not steam 
boat] of one hundred horse power. This would settle the question, and enable the 
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hundred horse power seems to be the only mode of arriving at a 
definite conclusion upon this point. It is obvious that, prelimi- 
nary to such an undertaking, a great many experiments will be 
absolutely necessary ; and such only as one quite familiar with 
the difficulties of entering upon an entirely new field of opera- 
tion can properly appreciate. 


Arr. XXXIL—Singular property, and extraordinary size and 
length of the Secondary Spark ; by Prof. Cuas. G. Pace, M.D., 
Washington, D. C. 


In experimenting with my great magnet a new property of the 
secondary spark has been discovered and some very interesting 
facts elicited. I will premise that the helix nearly a foot in diame- 
ter each way, when charged by the battery, draws up within it 
in a vertical position a huge bar of iron weighing 300 pounds, 
through a distance of ten inches, presenting by far the most power- 
ful magnet ever known. When the circuit with the helix is sud- 
denly broken a secondary spark is produced, eight inches in length. 

The most interesting feature of this spark 1s the modification 
of its form and sound by the action of magnetism. When the 
spark is produced at a distance from the magnet, it is readily elon- 
gated to six or eight inches, and I presume might be obtained a 
foot or more in length if the wires were separated with the velocity 
of acannon ball, as suggested by my friend, Mr. Lane. In this case 
there is little or no noise made by the spark, but as the spark is 
produced nearer to the magnetic pole the sound increases until 
at last when close to the pole each spark makes a report as loud 
as a pistol. The spark also diminishes in length and is spread 
out as large as the palm of the hand. ‘There is an eflect here 
somewhat analogous to that produced by a magnet upon the are 
of fame between charcoal points. I must reserve further remarks 
for another number of the American Journal. 


Washington, D. C., Aug. 27, 1850. 


world to enter upon the benefits of the discovery, or satisfy mankind that the power 
cannot be made available for “locomotion or navigation ;” and thus arrest the fur 
ther sacrifice of mind and means, in endeavors to find that which (if it cannot be 
secured by the present plan) does not probably exist. A point has been arrived 
at in this mvestigation which indicates, to use the language of Professor Page, in 
his late report sent to Congress, the importance of carrying the thing “ beyond an un 
certain issue.” I have no doubt of the applicability and economy (especially if we 
count the risks and value of human life) of this power for the purposes contempla- 
ted by Congress in providing for the experiments; but the world may not yet be 
satisfied, and many experiments have still to be made, and much money expended 
before the invention will be really available. Fulton’s steamboat would bear but a 
sorry comparison with those of modern construction; yet who will say that Fulton's 
limited success should have been the signal for suspending all efforts to use steam 
as a propelling power for ships, or that to his zeal and intelligence we are not in 
debted for the introduction of what we now enjoy in the way of steam navigation ? 
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Arr. XXXII1._—On Rutile and Chlorite in Quartz; by O. P. 
Hussarp, M.V., Prof. Chem., Min. and Geol., Dart. Coll., N. H. 


From the Proceedings of the American Association for the Advancement of Science. 
New Haven, 1850. 

Specimens of rutile in quartz have for twenty years past, been 
found in boulders in several towns in the vicinity of Dartmouth 
College, none of which have ever been traced to their sources. 
Localities have been mentioned, but none have furnished spe- 
cimens resembling these boulders, excepting a single one. This 
locality was opened two years since at Waterbury, Vt., on the 
Central Railroad. It was described by Mr. Alger in the Proceed- 
ings of the American Association for 1849, and also in the pres- 
ent volume of this Journal, page 14. 

In a cut of sixty feet perpendicular through solid talcose slate, 
and thirty feet from the surface, a vein or pocket of quartz 
was met, and a considerable number of specimens containing 
rutile were obtained. The locality is now exhausted. From 
its position, it never could have furnished the scattered masses 
heretofore known, and we have yet to discover their origin. 

Some of the specimens from this region have comparatively 
but little beauty; the rutile is in very fine capillary crystals of 
dark color, two or three inches in length, and the quartz is of 
inferior quality. But others are exceedingly fine, both in the rich- 
ness of the quartz and the abundant long needles of the rutile. 

There are three known American specimens of a remarkable 
character, one of which is from this Waterbury locality. The other 
two were found as boulders and are even of superior quality. 

One of these has been in the Cabinet of Dr. J. R. Chilton, 
New York City, for many years, and is reported to have been 
found in Northern New England. It has the rutile in long acicu- 
lar crystals and one series of prisms united into a crystal a quar- 
ter of an inch wide. 

The other is a mass in the writer’s cabinet, described by Mr. 
Alger as “the finest specimen of this mineral found in the Uni- 
ted States.” It was picked up in this region nearly twenty years 
ago, but in what town is not known. Specimens from Roches- 
ter and Bethel, Vt,, resemble it more than any others. 

It is about six inches long and three inches in its other dimen- 
sions, being of irregular shape, and only a fragment of a larger 
mass. ‘T'wo sides have been cut and polished by the lapidary, 
one retains its polished plane boulder surface, and the remaining 
part of the exterior is irregular, presenting a conchoidal fractured 
surface. There are indications of smooth cleavage faces in dif- 
ferent parts inclined to each other. 

The quartz in mass is transparent and slightly smoky—while 
the slices cut off are almost colorless. It is questionable whether 
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the color is proper to the quartz, or occasioned by the reflection 
from the rutile crystals. Mr. Alger finds almost no rutile in the 
white quartz crystals from Waterbury, “ while the colored varieties 
abound with it,” and probably, he suggests, owe their color to it. 

The rutile crystals are from the size of the finest hair and al- 
most invisible, up to a twelfth of an inch in diameter and five 
inches long: they are uniformly distributed through the quartz, 
and intersect and cross each other in all directions. ‘There is no 
radiation from a centre, but in many instances the crystals have 
one or more large graceful curves, and sometimes two in opposite 
directions, and some are bent at an angle either right or oblique. 
Many are broken at the surface of the quartz, while others are 
wholly included in it, terminating in a single plane or tapering 
to a point. 

They are all of a uniform bright reddish brown color, and of 
the lustre of polished copper. Where the ends are seen on the 
polished faces they have the color and lustre of polished steel. 

In numerous cases the surface of the crystals is covered here 
and there with a brilliant, silver white mineral, sometimes limited 
to the lateral edges, and again investing parts of the prism at in- 
tervals, or with frequent interruptions, giving it the appearance of 
being made up of numerous short white and brown prisms, the 
form remaining unchanged. In some cases this mineral occurs 
like a thin disk, through the centre of which the rutile appears 
to penetrate. I have not been able to determine with certainty 
the nature of this mineral, and can only conjecture that it is the 
same with the curved crystals described below. 

In the writer’s specimen, as in those described by Mr. Alger, there 
are numerous vermiform, tortuous and convoluted crystals. By 
transmitted light, they are sometimes of the color of copper, though 
faintly so, or of a bronze yellow, or of greenish and yellow shades 
oreven very dark, and by direct light they are almost black. These 
crystals are regular hexagonal prisms, transversely finely striated, 


and appear to be made up of thin plates of slightly varying size, 
giving the crystals a varying diameter. They occur either singly 
or in groups of several laterally joined, and united in all their 
convolutions, and having a single terminal plane, highly lustrous, 
which often presents a silver white color. ‘The above figures, en- 
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larged views of two of them, give a perfect idea of the originals, 
the prismatic form of which is obvious to the eye and perfectly 
distinct with a glass. If we judge from the figures in Mr. Alger’s 
paper in this volume, (p. 14,) the prismatic character of his crys- 
tals is much less striking. 

Mr. Alger has described the mineral in his specimens, as mica. 
I have been able to obtain only a very small portion of the min- 
eral from one or two protruding curves on my specimen. It 
readily cleaves parallel to the terminal plane, is apparently softer 
than mica, and is easily reduced by the pressure of a knife on 
white paper, into a fine, coherent powder, of a greenish tint. It 
has no elasticity, and before the blowpipe gives off an abundance 
of water. From these decided characters, and the rarity of such 
an association of mica, and the quite frequent one of chlorite and 
quartz, it seems altogether probable that this mineral is chlorite. 

If these several minerals were at one time in solution in the 
fluid quartz, they must have crystallized previous to it. The rutile 
prisms are so straight or so gracefully curved and bent, that they 
would seem to have experienced but slight resistance. They in- 
tersect and cross each other, and pass through the loops in the 
chlorite crystals or touch them on the outside, and they probably 
crystallized first. Around most of these convolutions of chlorite 
there is a burr, or a minute spot of imperfectly radiating fractures, 
occasionally iridescent, which suggests that they were formed 
before the solidification of the quartz, and that they had occa- 
sioned some pressure or disturbance and a slight fracture. But as 
the chlorite uniformiy, and the rutile in very many cases, must 
have been without any attachment, the density of the fluid 
quartz to have sustained them was probably great. 

On removal of the rutile and chlorite from the gangue the 
vertical striae of the former and the transverse striz of the latter 
are found figured on the quartz, making it certain that the latter 
was last solidified. 

There must be somewhere in this region north, a rich deposit, 
for which mineralogists will earnestly seek, until it is found and 
its treasures are transferred to their cabinets. 


Art. XX X1V.— Occurrence of Crystallized Oryd of Chromium 
in furnaces for the manufacture of Chromate of Potash; by 
W. P. Brake. 


Read before the American Association for the Advancement of Science, New 
Haven, Augast, 1850. 


Crystats of the sesquioxyd of chromium have been obtained 
in small quantities by Wohler, by passing the vapor of chloro- 
chromic acid through a tube heated to redness. 
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The crystals which I have examined with the following re- 
sults, were obtained from a furnace which had been long m ope- 
ration for the production of chromate of potassa from the mineral 
chromic iron. A portion of the furnace having been taken down 
for repairs, I found small but exceedingly brilliant crystals lining 
the cracks and fissures between the fire bricks and disseminated 
throughout their substance. ‘They resembled crystals of specular 
iron, but a blowpipe examination and qualitative analysis proved 
them to be the sesquioxyd of chromium. 

The crystals are of the hexagonal system, and are flat 6 or 
12-sided tables or scales, one of which is represented in the an- 
nexed figure. ‘The breadth of the largest is 14 lines, but they 
are seldom over a line broad, and usuatly much smaller. In 


some of the specimens the crystals are grouped in rosettes of 
great beauty. ‘The following angles were obtained with the 
reflective goniometer : 

R:a =121° 55’ (mean of 14 measurements. ) 

R : a4 =96° 45’ (mean of 6 measurements. ) 

a:a4=141° 38’ 24” (mean of 5 measurements. ) 

Calculating from a: R, the angle a: a4=141° 15’, and R: ag 
= 96° 50’; and as the plane a4 is exceedingly small, this result is 
more probably correct than that given above from measurement. 

The angle a: R gives for the angle of the rhombohedron 85° 22’, 
which is but little less than that given for specular iron. ‘The 
axis = 1°39045. The crystal according to Naumann’s notation 
has the descriptive expression, UR, R,=3R, 

The crystals have the hardness of sapphire, equal to 9 on the 
scale of Mohs. Lustre metallic. Color black; opaque exeept in 
thin plates, which are green by transmitted light. ‘The powder 
of the crystals is dark green. 

The specimens were taken from and between the bricks which 
had constituted the floor of the furnace. The furnace had been 
in operation for more than a year, and kept at a temperature 
above redness. As it needed repairs, the fires were drawn, it 
was allowed to cool undisturbed for ten days, and when the 
bricks were taken out they were still too hot to be taken in the 
hand. 

The mass of the bricks and the portions on which the sesqui- 
oxyd has crystallized, is charged with soluble yellow chromate of 
potash, and in many or all of the specimens the green color of 
the uncrystallized oxyd can be seen. 
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My frequent daily examinations of the furnaces in operation 
made me familiar with the condition in which the contents were 
at different times, and considering the facts before stated, I ac- 
count for the production of the crystals in the following way. 

When the furnace, newly constructed or lined with fire-brick, 
is fired and charged with alkali and chrome ore, much of the 
fused chromate of potash formed, is absorbed by the porous bricks, 
and I observed that it had penetrated through three or four 
courses of bricks and mortar. 

After the furnace has been long in operation the bricks become 
saturated, and vitrified, to a certain depth; and the floor and 
sides of the furnace become incrusted with a vitreous coating, 
which is constantly increasing. The parts mere remote from the 
fire are consequently better protected from changes and variations 
of temperature, and are exempt from the inroads of more fused 
material. 

The chromate of potash is thus kept for a long time at a uni- 
form high temperature, and gradually losing its potash from vola- 
tilization, the chromic acid (Cr) in combination with it loses oxy- 
gen, becomes sesquioxyd (€r) and crystallizes. 


Art. XXXV.—Memoir on Emery; by J. Lawrence Smiru, 
M.D.—F rst part—On the Geology and Mineralogy of Emery, 
Jrom observations made in Asia Minor. 


Read before the Academy of Sciences of the French Institute, July 15th, 1850, 
and communicated by the author for this Journal 


Or all the mineral substances employed in the arts, few have 
offered so little opportunity for geological examination as emery, 
and consequently our knowledge of it in this particular is very 
hmited. 

Aware of the importance of the study of this substance in situ, 
both in a scientific and practical point of view, I did not lose the 
opportunity afforded by my late position under the Turkish gov- 
ernment to develop certain facts that came under my notice the 
latter part of the year 1846. Prior to that period, emery (which 
term is here used as in the arts to express that mixed granular 
corundum employed for abrasion) although known to exist in 
many places in greater or less abundance, was supplied to the 
arts almost entirely from the island of Naxos in the Grecian 
Archipelago ; so true is this, that the proprietors of the mines 1n 
that island controlled completely the price of this mineral. ‘The 
emery from Naxos frequently went under the name of Smyrna 
emery, from the fact of its coming to us from that port, where 
it is originally carried from the island for future exportation. 
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Prior to 1846, the existence of emery was not remarked in 
Asia Minor or any of the contiguous islands except that of Samos, 
which fact is alluded to in Tournefort’s travels in the seventeenth 
century. In the latter part of 1846, I arrived in Smyrna, and 
was shown specimens which I recognized as emery that came 
from a place about twenty miles north of Smyrna; they had 
been first discovered through the agency of a knife grinder of the 
country, who had been in the habit of using it to charge his 
wheels with. ‘The importance of this circumstance to the Turk- 
ish government as well as to the arts (emery being at that time 
sold at a most exhorbitant price) induced me to return to Smyrna 
in the early part of 1847, for the purpose of examining the sup- 
posed locality of this mineral. On this second visit other local- 
ities were made know to me that an English merchant by the 
name of Healy had sueceeded in bringing to light. 

The first locality towards which I directed my examination 
was that of Gumuch-dagh, a mountain about twelve miles east 
of the ruins of Ephesus. Before, however, arriving there, I 
discovered this mineral imbedded in a calcareous rock in a valley 
twenty miles south of Smyrna, called Allahman-Rourgs ; the 
position not being very favorable for the study of the geology of 
this substance, my route was continued to the place originally 
fixed upon. Obtaining guides at the village of Gumuch, | com- 
menced the examination of the mountain, which is composed of 
bluish marble resting on mica slate and gneiss. On the very 
summit of the mountain, the emery was found scattered about 
and projecting above the surface of the soil. After examining 
the extent of the formation and satisfying myself that it was there 
in situ, I returned to Constantineple, and made a report to the 
Ottoman government. Although I gave no notice to the scien- 
tific world of the result of my examination, the editor of the 
Journal de Constantinople inserted a small note in his journal in 
May, 1847, to the following etfect— 

“Tt is some time since M. Lawrence Smith, American Miner- 
alogist, discovered at Magnesia near to Gumuch-Kuey an emery 
mine, of which he brought specimens to Constantinople. The 
government have sent to the place a commission composed of 
M. Smith and some of the officers of the imperial powder works, 
to examine thoroughly into the importance of this mine, and ac- 
cording to the report that will be made the government will de- 
cide on the steps to be taken with reference to it, &c.” 

This circumstance, unimportant in itself, has subsequently be- 
come of great value to secure to me the priority of the discovery 
and examination of emery in sifu in Asia Minor ;* and also to 
show that I have been instrumental in the development which has 


* See Am. Jour. Sci., 2nd ser., vol. vii, 283. 
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been subsequently given to this emery in a commercial point of 
view. Since the first discovery other localities have been ascer- 
tained by me, all of which will be alluded to in this memoir. 


Localities of Emeryin Asia Minor and the neighboring islands, 


Gumuch-dagh.—In going from Ephesus east to Gouzel-Hissar 
(the ancient 7'ralles) we pass by the ruins of the ancient eity of 
Magnes on the Miandre and near to this latter is a beautiful valley, 
celebrated for its figs, in which is situated the village of Gumuch 
at the foot of a mountain bearing the same name. It was here 
that the emery formation was first examined. All the roeks of 
the surrounding country appear to belong to the old series; the 
jimestone is entirely devoid of fossils and metamorphic in its 
character; it rests on the older schists of which mica schist ap- 
pears the most abundant, and this again farther to the north was 
traced in contact with gneiss. The limestone is of a light blue 
passing into a coarse grained marble ; and on the south side, the 
rock by its decay leaves in many places precipices of considera- 
ble elevation, that add much to the picturesque appearance of the 
region. 

The emery is found in different places in the Gumuch moun- 
tain; the place, however, to which it is traced in greatest abun- 
dance, is ona part of the summit about three miles from the 
village of Gumuch, and some fifteen hundred or two thousand 
feet above the level of the valley ; it overlooks the maguificent 
plain of the Miandre, whose curiously tortuous course is seen as 
if traced on amap. The emery lies seattered on the surface in 
the greatest profusion, in angular fragments of a dark color, and 
large masses of several tons weight are seen projecting above the 
surface ; in penetrating the soil, the emery is found imbedded in 
it and a little farther down it is come to in the rock. In fact by 
breaking the marble that projects above the surface at this spot 
we are sure to find nodules of the mineral. 

Sometimes the emery forms almost a solid mass several yards 
in length and breadth. One of these places, opened for the pur- 
pose of exploring, is about ten or twelve yards square and all the 
rock taken out is emery; the spaces between the blocks are filled 
with an earth highly charged with oxyd of iron. In some places 
the masses are consolidated by carbonate of lime of infiltration, 
which must not be confounded with the emery in its original 
gangue (the marble) in which it is found in nodules sometimes 
round and at other times fissured so as to represent angular frag- 
ments. In no place does it present anything like a vein, nor has 
it signs of stratification. The largest mass at this locality that 
{ saw unbroken must weigh from thirty to forty tons. 

Attached to this mineral, more especially in the fissures and on 
the surface, are several minerals that will be alluded to hereafter. 
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Kulah.—This locality of emery is the second in importance in 
Asia Minor, it is a town situated about a hundred and fifty miles 
from Gumuch and twenty miles from the ancient city of Phila- 
delphia (one of the seven churches). It is near the river Hermes, 
and on that interesting volcanic district of Asia called Catacecau- 
mene or the burnt country, resembling in many respects the vol- 
canic region of Auvergne. ‘The rocks forming the base of this 
region are of the older metamorphic series, covered to a greater 
or less depth by lava of different volcanic periods, which has 
flowed from the numerous craters that form the prominent feature 
of this region. ‘The most common rocks in the mountain ranges 
about Kulah are white granular limestone, mica slate, hornblende 
schist, gneiss and granite; the last four are seen more conspicu- 
ously in the mountain two or three miles to the south, which 
have not been subjected to volcanic action ; the limestone over- 
lies these rocks. 

Before arriving at the place where I examined the emery, (about 
two miles to the northeast of Kulah,) an outcropping of gneiss 
was seen and subjected to the closest scrutiny, without discover- 
ing the slightest trace of corundum ; and I will here remark that 
although I have found several thin layers of mica schist engaged in 
the marble, in no instance was there any trace of corundum in it. 

The marble in this region is very compact, of great hardness 
and I may also add of great purity. I cannot say whether this 
hardness is traceable to a greater depth than that to which it has 
felt the influence of the superimposed lava. Here again the em- 
ery was found on the surface, but not in such abundance as at 
Gumuch-dagh, and moreover the soil is not as deep as in the 
latter place. ‘The emery as seen in the marble at Kulah is ca- 
pable of being studied with the greatest satisfaction, particularly 
as two or three places in the rock have been quarried. 

Adula.—Not far from this town which is about twelve or fif- 
teen miles east of Kulah, I have also discovered emery, only, 
however, in very small quantity. 

Manser.—About twenty-four miles north of Smyrna, emery is 
found in small quantity in the soil. In this as well as in the 
former place, white granular limestone is found. 

Island of Nicaria, Grecian Archipelago.—I have also been 
able to examine thoroughly the emery of this island, which prom- 
ises to be of importance to the arts. It is only within about 
twelve months that it has been brought to light. ‘The mineral 
of this locality presents some peculiar features which will be 
alluded to hereafter. The geology is the same as that of the 
other localities already alluded to, namely, when found in contact 
with the rock it is always with limestone. 

Island of Samos.—'This locality has furnished me with only 
afew nodules imbedded in the soil with a little calcareous rock 
attached to the surface. 
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Island of Naxos.—This old and well known locality is here 
alluded to, simply because it has furnished me with specimens, 
the examination of which forms a part of this memoir. It is 
found in large blocks mixed with a red soil and also imbedded in 
white marble. It is taken principally from the north and east side 
of the island—the best comes from Vothrie, nine miles from the 
shore, and is embarked at Sulionos. Another good locality is at 
Apperanthos, seven miles from the shore, and it is embarked ata 
small port called Moutzona. In the south of the island it is found 
near Yasso. It is in such abundance on this island, that notwith- 
standing the immense quantity carried off it is not yet found 
necessary to quarry it from the rock. 


Conclusions with reference to the Geology of Emery. 


The localities at Gumuch-dagh and Kulah are those which 
afforded me the best means of studying the geology of emery, 
although in every instance [ have found it associated with the 
old limestone overlying mica slate, gneiss, &c. 

It is imbedded either in the earth that covers the limestone or 
in the rock itself; and exists in masses from the size of a pea to 
that of several tons weight, generally angular, sometimes round- 
ed, and when in the latter form they do not appear to have be- 
come so by attrition. 

The masses in the soil possess but little interest for the geolo- 
gist, as they may have been left there by the decomposition of 
the rock, or been transported from other positions; still, the latter 
is difficult of supposition, in reference to what is found at Gu- 
much-dagh, for here it is only on the summit and not on the sides 
of the mountain that the emery has been traced. But having 
had the means of studying the emery and rock in contact, I have 
come to the firm conclusion, that the emery has been formed and 
consolidated in the limestone in which it is found, and that it has 
not been detached from older rocks as granite, gneiss, &c., and 
lodged in the limestone at the pericd of its formation. My reasons 
for so thinking are the following— 

Ist. In no instance could the closest investigation of the older 
rocks of these localities, that are below the limestone, furnish 
the slightest indication of the existence of emery there ; and 
moreover the masses of emery in the limestone never had frag- 
ments of another rock attached to them. A few thin layers of 
mica slate were found in the limestone, but they were not in con- 
tact with the emery, nor contained any traces of corundum. I 
dwell thus much on this point, because in my specimens the cal- 
careous rock in connection with the emery is under two forms; 
that of the original rock, and that formed by the infiltration of 
calcareous water in the fissures which exist near the surface. 
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2d. The limestone immediately in contact with the emery 
differs almost invariably in color and composition from the mass 
of the rock; and at Kulah, where the marble forming the rock 
is remarkably pure (as evinced by analysis), the part in contact 
with the emery is of a dark yellow color resembling spathic iron, 
and contains a large portion of alumina and oxyd of iron. The 
thickness of this interposing coat between the emery and the 
marble is variable ; but what is certain, it passes gradually into 
white marble, so that their crystalline structures run into each 
other, showing that they are one and the same rock. Had the 
masses of emery been broken fron: an older rock and imbedded in 
the marble at its formation, there is no reason why the contact 
should not always be direct and immediate without this transition 
from ferro-aluminous limestone to pure marble. What we see is 
just what should be expected in ferruginous and aluminous min- 
erals forming and separating themselves from a limestone not yet 
consolidated. 

This kind of separation between the emery and the marble 
has been highly useful in the facility that it has indirectly afford- 
ed for exploring this mineral. It has been stated that at all 
the localities under consideration, but principally at Gumuch and 
Naxos, the emery exists in great abundance detached from the 
rock in a red earth; now this earth is simply the result of the 
decomposition of this heterogeneous calcareous envelope, which 
from its nature is easy of disaggregation by the influence of at- 
mospheric agents. Had the emery been in immediate contact 
with the marble we could hardly have expected this spontaneous 
separation in so great a quantity. 

I have in some instances seen smal! nodules of emery in small 
cavities in the rock but perfeetly detached. 

3d. The immense mass alluded to as covering several square 
yards of surface is another evidence of the emery having been 
formed in the limestone ; for this mass does not consist of a single 
piece, but of a number of different sizes, not lying together 
irregularly, but with their contiguous surfaces more or less paral- 
lel, although removed a little distance from each other; in fact, it 
is just what we would expect in a large mass that for some cause 
or other had been fissured in various directions. 

Ath. Yet another circumstance to be remarked in connection 
with this part of the subject, is, that in the examination of the 
surface of contact between the emery and the rock, we do not 
always see it marked by a distinct outline; but the minerals con- 
Stituting the emery as well as those associated with it, are more 
or less disseminated in the limestone at the point of contact; the 
value of this argument is better understood on examining the 
specimens in my possession. 
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Enough having been said to prove that the emery under con- 
sideration was formed within the limestone in which it is found, 
I will allude to the process of segregation which has given rise 
to this formation. 

It would appear that the substances eliminated from the calca- 
reous rock, were silica, alamina, and oxyd of iron, and that these 
three in the exercise of homogeneous and chemical attractions 
have given rise to the minerals which constitute and are associa- 
ted with emery. In my collection, there is a specimen exhibit- 
ing this fact ina remarkable manner. It is a nodule, showing 
emery in the center, with two concentric layers, the inner of 
chloritoid and the outer of emerylite ; the latter was in contact 
with the limestone. 

Emery—mixture of corundum (alumina a little hydrated) and 
oxyd of iron. 

Chloritoid—silica 24, alumina 40, oxyd of iron 28, water 7. 

Emerylite— ‘“ 30, os 50, lime 13, water 5. 

It is seen that in commencing from the external surface, in 
which direction we must regard the consolidation of the nodule, 
that the larger portion of silica eliminated has combined witha 
large portion of alumina and some lime to form a peculiar mineral ; 
next, the remainder of the silica combines with an additional 
quantity of alumina and considerable oxyd of iron to form another 
mineral; and finally the remaining alumina and oxyd of iron 
crystallize separately. Facts of this kind in geology are not un- 
frequent, but they are always highly interesting and worthy of 
remark. 

In concluding the geological considerations of emery with ref- 
erence to the localities in Asia Minor and the neighboring islands, 
I would remark, that at some future time when the observations 
become extended, it will doubtless be found that the emery forms 
the geognostic mark of extensive calcareous formations in that 
part of the world, just as the flints do in the chalk of Europe. 


Mineralogical position of Emery. 

Emery has been considered by some as corundum, others sup- 
pose it represented by some rock or other, not always the same, 
in which corundum is disseminated in greater or less quantity ; 
others again consider it a mixture of corundum and oxyd of iron. 
I am of opinion that the latter is the most correct manner of re- 
garding this substance. 

Emery properly speaking is not a simple mineral, but a me- 
chanical mixture of granular corundum and oxyd of iron in which 
the former usually predominates. It has not the aspect of corun- 
dum disseminated in a rock, for it is found in distinct masses of 
different dimensions and of great hardness; and when broken 
giving way in the directions of fissures, which exist commonly 
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in the mass. Most frequently there is no other evidence of the 
presence of corundum in emery but its hardness. The oxyd of 
iron present is always under the form of magnetic oxyd more or 
less mixed with oligiste ; sometimes it is titaniferous. There are 
other minerals associated with the emery, all of which will be 
described hereafter. 

The aspect of this substance differs more than is supposed, for 
until lately, the emery brought from Naxos has been the criterion 
by which to judge others. The localities that I have discovered 
furnish me with specimens showing considerable difference not 
only as regards color but also in the structure. 

The Naxos emery is of a dark grey with a mottled surface, 
and with small points of a micaceous mineral disseminated in the 
mass. It frequently contains bluish specks or streaks which are 
easily recognized as being pure corundum. 

The Gumuch-dagh emery is commouly of a fine grain and 
dark blue bordering on black, not unlike certain varieties of mag- 
netic iron ores. With this variety we frequently find pieces of 
corundum of some size. The interior of the mass is tolerably 
free from the micaceous specks found in that of Naxos. 

The Kulah emery is usually coarse grained, and much darker 
than that ef Gumuch-dagh, its external surface resembling some- 
times that of chromate of iron. 

The Nicaria emery in many instances presents a schistose or 
lamellated structure to a very remarkable degree, so much so that 
certain specimens might pass for gneiss. ‘lhe color is dark blue 
and somewhat mottled like that of Naxos. There is also much 
that is quite compact found in the same locality. ‘The lamella- 
ted variety contains an abundance of a micaceous mineral, which 
in this instance appears to have determined its structure. 

The Samos emery, as yet found only in small quantities, and 
in the form of nodules, is uniformly of a dark blue color, some- 
times of a coarse grained and at other times of a fine grained 
structure not unlike certain varieties of very compact blue lime- 
stone. 

‘racture.—The fracture of emery is tolerably regular, and the 
surface exposed is granular of an adamantine aspect ; it is exceed- 
ingly difficult to break when not traversed by fissures or not of a 
lamellated structure as much of that from Nicaria. When re- 
duced to powder it varies in color from that of a dark grey to 
black. The color of its powder affords no indication of its com- 
mercial value. 

The powder examined under the microscope shows the distinct 
existence of the two minerals, corundum and oxyd of iron, 
which appear inseparable as the smallest fragment contains the 
two together. 
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Magnetism.—As it is natural to suppose all specimens of em- 
ery affect more or less the magnetic needle ; in some the magnet- 
ism is barely perceptible, in others it amounts to strong polarity. 

Odor.—Emery when moistened always affords a very strong 
argillaceous odor; even the most compact varieties. 

Specific gravity.—The different varieties do not vary much in 
their specific gravity, it being always in the ueighborhood of 4. 
The specific gravity of various specimens will be given on a 
following page. 

Hardness.—The hardness of emery is its most important 
property, as to it is due the value of this substance in the arts. For 
this reason I have devoted much time and attention to the deter- 
mination of it. In a mineralogical sense its hardness is not diffi- 
cult to determine; for if we try different varieties of emery by 
scratching agate or other hard substance, the effect will naturally 
be very nearly the same ; for in every case, it will be some point of 
corundum that has produced the scratch. If, however, we hap- 
pen not to rub a point of corundum against the agate no effect 
will be produced on the latter, but the emery will yield. As this 
method leads to no practical result, | have sought out another, 
which may be properly called one for determining the effective 
hardness of emery and corundum, and is as follows. 

Fragments are broken from the piece to be examined, and 
crushed in a diamond mortar with two or three blows of a 
hammer, then thrown into a sieve, (the one employed had 400 
holes to the square centimetre,) the portion passing through is 
collected, and that remaining on the sieve is again placed in 
the mortar and two or three blows given, then thrown into the 
sieve; the operation is repeated until all the emery has passed 
through the sieve. The object of giving but two or three blows 
ata time is to avoid crushing any of the emery to too fine a 
powder. 

Thus pulverized it is intimately mixed and a certain portion of 
it is weighed, (as I operated with a balance sensible to a milli- 
gramme, the quantity used never exceeded a gramme.) To test 
the effective hardness of this, a circular piece of glass about four 
inches in diameter and a small agate mortar are used. The glass 
is first weighed and placed on a piece of glazed paper; the pul- 
verized emery is then thrown on it little by little, at each time 
rubbing it against the glass with the bottom of the agate mortar. 

The emery is brushed off the glass from time to time witha 
feather, and when all the emery has been made to pass once over 
the glass, it is collected from the paper and made to pass through 
the same operation which is repeated three or four times. ‘The 
glass is then weighed, after which it is subjected to the same op- 
eration as before, the emery being by this time reduced to an im- 
palpable powder. ‘his series of operations is continued until 
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by repeated weighing the loss sustained by the glass is reduced 
toa few milligrammes. The total loss in the glass is then noted, 
and when all the specimens of emery are submitted to this opera- 
tion under the same circumstances, we get an exact idea of their 
relative hardness. 

The blue sapphire of Ceylon was pulverized and experimented 
with in this way; it furnished me with a unit of comparison by 
which to compare the results obtained. This operation is long 
but certain, and for the harder varieties of emery it is necessary 
to repeat the rubbing six or seven times and it requires nearly two 
hours for completion. 

The results that I have obtained are interesting and have fur- 
nished me with the means of forming conclusions that I could 
not have otherwise come at. 

Glass and agate have uot been chosen for this experiment with- 
out a certain object, as experiments were first made with two 
pieces of agate, with two pieces of glass, and with metal and 
glass. The agates were found too hard, as they crushed the 
emery without producing hardly any abrasive effect; the others 
were found not to crush the emery sufficiently, making the ex- 
periment tedious and long. With the glass and agate we have a 
hard substance which crushes the emery, and in a certain space of 
time reduces it to such an impalpable state that it has no longer 
any sensible effect on the glass, and on the other hand, the glass 
is soft enough to lose during this time sufficient of its substance 
to allow of accurate comparative results. In the employment of 
this method in the arts, it would not be necessary to go to the 
sapphire for a standard of comparison; any good emery would 
answer the purpose quite as well. 

It must be understood that this method of coming at the abra- 
sive effects of emery does not furnish the mineralogical hardness 
of this substance, by which we understand the harduess of any 
individual particle, as evinced by its effect on a substance of less 
hardness, without regard to the molecular structure of the mineral. 
Two minerals possessing the same hardness but differing in struc- 
ture, one being friable, and the other resisting, will be found very 
different in their abrasive effects; for instance, break a piece of 
quartz in two, subject one of the pieces to a white heat, and after 
cooling, compare the two by rubbing the point against some hard 
substance ; both will be found to scratch equally well: then try 
the two ina state of powder, by rubbing them between two 
pieces of glass that have been weighed, and the difference of their 
abrasive effects will be found very great; because, the oue sub- 


jected to the fire is exceedingly friable, and becomes readily 


crushed to an impalpable powder. This fact is eminently true 
with refereuce to emery, many specimens of which containing 
the same amount of corundum differ somewhat in their effective 
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hardness owing to the more or less compact structure of the co- 
rundum. 

By the method with the agate and glass I have found the best 
emery capable of wearing away about one-half its weight of the 
glass (that used was the common French window glass). The 
sapphire under the same circumstances wears away more than 
four-fifths of its weight. A tabular view of the results wiil be 
given a little farther on. 


Chemical composition of Emery. 


This substance consisting of a mixture of corundum and oxyd 
of iron in various proportions, it is easy to see what its composi- 
tion must be. Yet the chemical examination of this mineral 
taken in connection with other properties is not devoid of interest. 

For the purpose of analysis, the emery was reduced to a state 
of powder, in the manner alluded to in speaking of its hardness, 
with adiamond mortar and sieve. This powder was dried for 
twenty-four hours over sulphuric acid ; a gramme was then weigh- 
ed in a small platinum crucible of about one-fourth of a cnbic inch 
in capacity, fitted with a cover that adapted itself well to it; this 
small erncible was placed in another of earth, and the space be- 
tween the two filled with pulverized quartz which also covered 
the smaller one to the depth of half an inch. Common sand 
was not used, because during the heating some particles might ad- 
here to the platinum crucible by a semifusion ; nor was powdered 
charcoal employed because it protected the mineral no better than 
the pulverized quartz from contact with the air, at the same time 
a little risk was run in decomposing a small amount of the iron. 

Thus arranged the crucibles were heated to a bright red for 
from thirty minutes to one hour. After cooling, the platinum 
crucible was carefully withdrawn and weighed. The loss fur- 
nished me with the amount of water in the emery. 

It requires a coutinued red heat to drive out all the water, a 
circumstance which is true for a number of minerals, particularly 
for those containing a large amount of alumina as diaspore and 
the micas which will be spoken of in this paper. 

The powder, of which the water has been estimated, was next 
submitted to levigation in a large agate mortar placed on a sur- 
face of glazed paper; and when completed, it was carefully de- 
tached from the mortar, placed in a platinum capsule, heated gently 

to drive off any hygrometric moisture and weighed ; the increase 
of weight furnished the amount of silica taken from the mortar. 

The levigation of one gramme was accomplished in two ope- 
rations, each requiring about twenty minutes; and by using a 
mortar of convenient size and the extremity of a feather ora 
small brush, it is possible to lose but an insensible quantity of the 
mineral and to estimate with sufficient precision the amount of 
silica abraded from the mortar. 
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Another method by which I accomplished the levigation in 
some of the analyses, was in a steel mortar of the same form as 
the agate mortar; and when completed the powder was placed 
in a glass with nitric acid diluted with thirty times its weight of 
water and left in it for one hour agitating it occasionally. The 
iron taken from the mortar was dissolved, and no part of the 
mineral attached. The next thing was to filter and continue 
the analysis with the substance thus freed from the iron of the 
mortar, without any second weighing. 

Of these two methods I preferred to employ the first for the 
emery, as it is more expeditious and almost if not quite as exact 
as the second. There are, however, occasions in which the steel 
mortar should be resorted to. 

The substance once reduced to an impalpable powder, it was 
necessary to render it completely soluble, and my researches to 
arrive at this were long and tedious. In trying the various known 
methods the most successful was found to be that with a mix- 
ture of carbonate of soda and caustic soda heated to whiteness 
for one hour; nevertheless I could not obtain a complete decom- 
position. ‘The decomposition might probably be completed if 
the levigation was made more thoroughly, but it is easy to under- 
stand, that with a large number of analyses of the same substance 
to make, it was a desideratum on my part not to consume the 
best part of a day in the levigation of a single gramme ; particu- 
lar, as [ did not wish to confide this operation to another, as much 
care was required to lose nothing during the levigation. Mixed 
with carbonate of baryta and heated in a forge, the decomposition 
of the mineral was far from being complete ; the same may be said 
for the treatment with the caustic alkalies in a silver crucible. 

The bisulphate of potash decomposes it almost entirely by a 
single operation, but unfortunately, a double salt of potash and 
alumina is formed which is almost insoluble in water or in the 
acids, and it is only by a solution of potash that it is first decom- 
posed and afterwards redissolved. I will not stop to detail all 
the disadvantages attending this method, but will at once speak 
of the method which gave me very easily the most accurate 
results. 

It is by means of the bisulphate of soda that all my analyses 
of emery, of corundum, and of several aluminates were made. 
I believe that I am the first who has shown the great advantage 
of using this double salt in the decomposition of certain substan- 
ces insoluble in the acids; and very probably it will replace in 
most cases the use of the bisulphate of potash in analytical chem- 
istry. At present, all the advantages that may arise from the sub- 
stitution of the soda for the potash salt cannot be mentioned ; all 
that I will say is, that the former in giving a decomposition at 
least as complete as the iatter, furnishes a melted mass quite solu- 
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ble in water, and in the future operations of the analyses there is 
no embarrassment from a deposit of alum. 

The bisulphate of soda was prepared by adding an excess of 
pure sulphuric acid to the pure carbonate or neutral sulphate of 
soda and heating it in a capsule until all the water had been ex- 
pelled and sufficient of the acid to allow of the mass becoming 
solid on cooling. ‘That obtained in commerce is not sufliciently 
pure. 

The pulverized emery is placed in a large platinum crucible 
with six or eight times its weight of bisulphate of soda, and the 
mixture is heated over a lamp in the same manner and with the 
same precautions as are employed when using the bisulphate of 
potash. From fifteen to thirty minutes suffice for the operation. 
The mass is allowed to cool, and water with a few drops of sul- 
phuric acid are added to it and the whole heated, when it soon 
dissolves with the exception of a little silica, that reuders the so- 
lution milky, and a small quantity of undecomposed mineral, 
that is readily detected by rubbing a glass rod against the bottom 
of the capsule. ‘The liquid is now filtered, and the filter is wash- 
ed once with a little water; then with its contents it is placed 
in a platinum crucible, burnt completely, and the residue is heated 
with a little bisulphate of soda, which completes the decomposi- 
tion: and when treated with water and a drop or two of sulphu- 
ric acid all except the silica is dissolved. The liquid which passes 
the filter in this case is added to the first and the analysis contin- 
ued. ‘The silica obtained is diminished by the quantity taken up 
from the mortar in order to arrive at what is actually contained 
in the mineral. ‘The filtered solution is heated with a little nitric 
acid to convert all the protoxyd of iron into peroxyd, then treated 
with an excess of caustic soda and a little carbonate of the same 
alkali; this redissolves the alumina first precipitated and thus sep- 
arates it from the oxyd of iron and a trace of lime. The iron 
and lime are separated in the ordinary way ; the alkaline solution 
of alumina was acidulated and the alumina precipitated with car- 
bonate of ammonia. 

Thus analyzed, the emery from different places gave the fol- 
lowing results :— 


No, Localities. | _hardness. O*¥4 
Sapphire 100 * of iron. 
| Kulah, 63°50 33°25, Oo? 161 
2 |Samos, 56 $98 | 5 70°10 | 29°27 | O62 | 400 | 99°03 | 
3 |Nicaria, 56 375 | 253 | 71:06 | 20°32 | 140 | 4:12 99°43 
Kulah, 5: | 402 | 236 | 63:00 | 30:12 | O50 | 2:36 98°34 | 
Gumuch, | $82 | 3 77-82 862 | 1:80 99°48 | 
Naxos, i) 3°7 68°53 24° 101°31 
Nicaria, | 3 3 7512 3°06 | O72 98°88 
Naxos, 38 69°46 9° 98] | 2 99:23 
Gumuch, : 56: 60°10 | 33°2 101°20 
Kulah, 00 | 61°05 | 27°15 101713 | 


Lime. | Silica. Total. 
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I ought to mention that the analysis afforded other substances 
in small quantities in some of the emeries ; as titanic acid, oxyd of 
manganese, oxyd of zirconium, and sulphur (existing in pyrites) ; 
but these substances are unimportant in the composition of emery, 
and are in such minute quantities, that it is necessary to operate 
on a considerable quantity of the mineral to obtain satisfactory 
results concerning them. 

The analyses marked 6 and 8 were made by decomposing the 
emery as it came from the sieve, without pulverization in the 
agate mortar. It was by accident that it occurred and I was not 
aware of the neglect until it was fused with the bisulphate of 
soda, but net wishing to lose the analysis, the operations were 
continued as in the other cases, only using a little more of the 
bisulphate in the second decomposition ; and somewhat to my sur- 
prise, the decomposition was quite as perfect as in the other cases. 
I had nearly completed all my analyses in the manner detailed, 
when this fact became known, so that I have but these two cases 
to report. It will simplify the analysis of corundum if pulver- 
ization in a diamond mortar be found sufficient, and I propose 
examining specially into this question. 

The water which was found in the emery comes from the 
corundum, a fact which will be shown when the analysis of pure 
corundum is given, which will be in the second part of the 
memoir. A very minute quantity of what has been estimated as 
water might be a little oxygen lost by the oligiste which is some- 
times found in emery. Those emeries which contain the least 
water, every thing else alike, are the hardest, as instaneed by that 
from Kulah, notwithstanding the quantity of iron it contains. 
The silica existing in emery is most often in combination with 
alumina or the oxyd of iron or with both, for this reason we must 
not always regard the quantity of alumina as an indication of the 
quantity of corundum in the emery. 


Analogies. 


Emery at first sight may be confounded with several ores of 
iron; as magnetic iron, certain varieties of oligiste and some- 
times with chromate of iron; but the fracture of emery is stony 
which differs from these ores of iron, and besides the surface 
exposed is of a lighter color. From the numerous observations 
made, I may set it down as a general rule, that any blackish 
or dark blue rock of a strong argillaceous smell, that scratches 
agate easily, with a specific gravity in the neigborhood of 4, is 
sure to be emery. 


The mining of Emery. 


The mining of this substance is of the simplest character. 
lhe natural decomposition of the rock in which it occurs facili- 
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tates its extraction. As has already been mentioned, the rock de- 
composes into an earth in which the emery is found imbedded. 
The quantity found under these favorable circumstances is so 
great that it is rarely necessary to explore the rock. The earth 
in the neighborhood of the blocks of emery is almost always 
of a red color, and serves as an indication to those who are in 
search of the mineral. Sometimes before beginning to excavate, 
the spots are sounded by an iron rod with a steel point, and when 
any resistance is met with, the rod is rubbed in contact with the 
resisting body, and the effect produced on the point enablesa 
practised eye to decide whether it has been done by emery or not. 

The blocks which are of a convenient size are transported in 
their natural state, but most frequently they are required to be 
broken by means of large hammers; when they resist the ham- 
mer, they are subjected to the action of fire for several hours, and 
on cooling they most commonly yield to blows. It, however, 
happens sometimes that large masses are abandoned from the im- 
possibility of breaking them into pieces of a convenient size; 
as the transportation either on camels or horses requires that the 
pieces do not exceed one hundred pounds. 

At Kulah, the quantity of emery detached from the rock was 
not very considerable, as it had been protected from decomposi- 
tion by the beds of lava that cover it. Here the marble was 
quarried to get at the emery which was done in the early part of 
1847 with profit, although the transportation from Kulah to 
Smyrna is over a distance of one hundred and ten miles on the 
backs of camels. Since the diminution of the price of emery, 
this mine has been abandoned, for the quarrying into the marble 
is attended with the greatest difficulty as the tools used for boring, 
&c., are thrown out of use in a very short time, by the pieces of 
emery which are encountered at every instant. At present all 
the emery sent from Asia Minor comes from the mine at Gumuch- 
dagh, twelve miles from the ruins of Ephesus. 


Commercial consideration of Emery. 


The use of emery in the arts is of very ancient date, a fact 
proved by works on hard stones that could not have been execu- 
ted except by emery or minerals of that nature. It is very prob- 
able that emery coming from the localities which have been men- 
tioned, was used in former ages by the Greeks and Romans. For 
example, the locality of Gumuch-dagh is immediately by the 
ancient Magnesia on the Meandre, and betwee Ephesus and 
Tralles, twelve miles from each of these cities, and the same dis- 
tance from T'yria; in all of these cities the arts flourished, and 
none more than that of cutting hard stones, if we are allowed 
to judge from the specimens of their skill in this art that have 
come down to us. 


 — 
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Nevertheless, the quantity of emery formerly employed was 
insignificant in comparison to the quantity now required, mere 
particularly within the last twenty years, since the use of plate 
glass has been extended. ‘The annual consumption at the pres- 
ent time is about fifteen hundred tons. 

For various reasons, the island of Naxos furnished for several 
centuries almost exclusively the emery used in the arts. as much 
for the facility with which it was obtained as for the uniformity 
of its quality. ‘The emery exists in very great abundance on this 
island, and notwithstanding the quantity already extracted there 
still remain immense deposits of it. 

The price of this substance at the end of the last century was 
from 40 to 50 dollars the ton, and between 1820 and 1835 it was 
at times even less. About this period, the monopoly of the Naxos 
emery was purchased from the Greek goverumeut by au English 
merchant, who so regulated the quantity given to commerce that 
the price gradually rose from 40 to 14U dollars the ton, a | rice at 
which it was sold in 1846 and 1847. It was at this time that I 
commenced examiuing and developing the emery formatious of 
Asia Minor until then unknown, And after making a report to 
the Turkish government, the monopoly of the emery of ‘Turkey 
was sold toa mercantile house in Smyrna, and since then the 
price of this article has diminished to 5U and 70 dollars the ton 
according to the quality. I speak of the prices in the English 
market. 

The different mines explored are those of Navos of an ancient 
date, of Ku/ah commenced in 1847 and now abandoned fer these 
nearer the sea, of Gumuch-dagh commenced in 1847 and worked 
largely, and of Nicaria commenced in 1850. From all these 
different places the emery goes to Smyrna, and from there, prin- 
cipally to England, the vessels taking it at a very low price as it 
serves for ballast. 

The various mines belong to the Turkish and to the Greek 
government. ‘The Greek government now sells its emery in lots 
of several tons. The Turkish government sells the entire monop- 
oly of its mines, aud consequently its operations are controlled 
by a single interest ; but in all probability, this monopoly will be 
done away with, in virtue of a commercial treaty existing be- 
tween Turkey and the other powers. If this takes place the price 
of emery will be still farther diminished, 

Of the different varieties of emery employed in the arts that 
of Nazos is still preferred, and with reason, as it is more uniform 
in its quality than that coming from AKudah and Gumuch ; vever- 
theless, if the best qualities of that from the island of Nicaria are 
found in abundance and that ouly sent into market, it will prove 
at least equal if not superior to that of Naxos. 
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Art. XXXVI.—On American Spodumene ; by Gro. J. Brusu, 
of the Yale Analytical Laboratory. 


Read before the American Association for the Advancement of Science at New 
Haven, August, 1850. 


Ow:ne to the want of a complete analysis of an American Spod- 
umene, I was induced at the suggestion of Prof. Silliman, Jr., to 
undertake this research. 

The Spodumeue from Uté has often been the subject of chem- 
ical investigation and has been analyzed by Arfvedson,* Stro- 
meyer,t Regnault,f and Hagen.¢ That from the Killiney local- 
ity has been analyzed by Thomson. || 

These are all the complete analyses recorded of this species. 
Partial analyses, however, exist of specimens from the Tyrol 
mountains, and from Sterling, Mass., the former by Hagen aud 
the latter by both Hagen and Bowen.% 

The constitution of this mineral was not correctly understood 
prior to Hagen’s analysis, until which time it had been consid- 
ered as essentially a silicate of alumina and lithia. Hagen how- 
ever found a portion of the so-called lithia to be soda, which dis- 
covery being confirmed renders the formulas derived from former 
analyses incorrect, owing to the great difference in the atomic 
weights of lithia and soda. Hagen’s analysis of a specimen from 
the Uté locality gave, 


Oxygen. Ratio. 
Silica, 66:136 = 3436 3436 1226 12 
Alumina, 27 024 2 12-72 55 
Peroxyd of iron, 09 § 
Lithia, 3836 2112) 
Soda, 2.683 


100-0U0 
from which he deduced the formula, Na Si+sLi Si+6Al Si’. 

My analyses agree with Hagen’s in the soda, but lead to a 
different formula. The specimens selected for analysis were 
from the Norwich and Sterling (Mass ) localities. A qualitative 
examination of each, showed the presence of silica, alumina, per- 
oxjd of iron (trace), lime, lithia, and soda. 

In the quantitative examination the alkalies were obtained by 
decomposition by hydrofluoric acid and determined as sulphates ; 
the other constituents were obtained by fusion with carbonate of 
soda. ‘That from Norwich in two analyses yielded, 


* Schweigger’s Jour., xxii, 107 + Untersuchungen, i, 426. 
t Ann. des Mines, (III series) 1859, 580 3 Poge. Ann., xlviii, 371 
| Thom. Min., i, 302. @ Sill. Am. Jour., viii, 121 
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I. Il. Mean. Oxygen. Ratio. 
Silica, 63:06 62:72 62°39 32°67 3267 804 
Alumina, 28-00 2885 28:42 13 28 13:28 327 
Lime, ‘95 1:13 104 -29 ? 
Lithia, 5-67 5-67 5-67 3:12 4-06 
Soda, 251 251 251 659 


100:19 10088 


And that from the Sterling locality of which also two analy- 
ses were made, gave, 


I Il. Mean. Oxygen. Ratio. 
Silica, 62 86 62-67 62:76 32 61 32°61 7 80 
Alumina, 28°83 29°83 29:33 13:75 328 
Lime, ‘56 71 63 ‘18 
Lithia, 6:48 6:48 6-48 3°56 419 1 
Soda, 1:76 1-76 1:76 ‘A5 


100-49 101°45 


The mean of the ratios calculated from the four analyses is 
1: 327 : 7-92 or quite nearly 1: 3:8, which gives the general 
formula 

R3 Si2+3Al Si2 
and the special formula 
(0570 Ga+ 1333 Na +8097 Li 3 Si2+3Al Si2 


which requires, 


8 atoms of silica, 461848 = pr.ct. 64:14 
3 os alumina, 1925 40 26:76 
2-4291 lithia, 441°27 6:12 
-3999 soda, 154-84 2°15 
i7i “ lime, 60-10 ‘$3 
7200-09 10000 


This formula corresponds quite well with the analyses, espec- 
ially in the protoxyd bases, the mean of which is almost pre- 
cisely that required by the formula. 

With the specific gravity 3:18 we obtain from the above the 
atomic volume 2264. The B atomic volume (see Mr. Dana’s 
memoir, in this Journal, ix, 220) will be 161-7, and the C atomic 
volume 42:7. The isomorphism of this species with pyroxene 
is pointed out by Mr. Dana on page 120 of this volume.* 


* The analysis by Mr. Brush corresponds in the proportion of silica with the 
results of Stromever’s investigation, who found 63°288 of silica and 28776 of 
alumina. In the ratio above deduced, as well that of von Kobell’s formula 
(R* Si?-+441 Sit), the oxygen of the bases is to that of the silica as 1: 2, the same 
ratio as in pyroxene.— J. D. D 


4 

| 

4 


Optical Examination of several American Micas. 


Arr. XXXVII.—Opfical Eramination of several American 
Micas ; by B. Sttuman, Jr., A.M., M.D., &c. 
Read before the American Association for the Advancement of Science, at New 
Haven, Auust, 1850. 

Prior to the publication of the second edition of Dana’s Min- 
eralogy, little had been done in distinguishing the several species 
amoug American micas, and in allotting them to the various locali- 
ties. In connection with Professor Dana, the writer, during the 
passage of the Mineralogy through the press, made a number of 
observations respecting the optical properties of such micas as 
were at that time accessible. A summary of these observations 
will be found in that volume.* Since that work was published, 
the writer has continued and multiplied his observations as far as 
opportunity has been found for prosecuting the investigation, 
while former examinations have been revised. The results of 
the whole research as far as they are complete are exhibited in 
the following tables. 

Much yet remaius to be done, not only in confirming and ex- 
tending the preseut measurements and adding new ones from 
unexamined localities, but still more in reference to the chemical 
character of the several compounds, which from their great re- 
semblance in leading physieal properties have hitherto been gen- 
erally confounded under a common designation. This branch of 
the enquiry is far the most Jaborious, requiring a large number of 
rigorous chemical analyses. A beginning in it however, has been 
made by Mr. Craw of the Yale Laboratory, who has completed 
three analyses of Phlogopites from New York. The results of 
his research, which are particularly interesting, will be found on 
a following page. 

The physical questions connected with the micas embrace also 
the translucency of the several varieties in different directions, 
the effects of heat and magnetism in varying the angle of the 
optic axes, and the value of the latter under monochromatic light 
in all parts of the spectrum ;—and investigations on these points 
would well reward the observer.t I had proposed the subject 
last-mentioued, to my friend, Mr. W. P. Blake, before my own 
observations were made, and he has recently platined and con- 
structed for himself an instrument for observations and measure- 
ments of this sort. This instrument appears to me particularly 


* Dana’s Mineralogy, p. 690. 

+ A few experiments were made by the author, aided by Mr. W. P. Blake, with 
Melloni’s apparatus, to determine whether any relation in the transmission of heat 
existe.l between various micas corresponding at all to the different values of the optic 
axes. In these trials the mica plates were as nearly as possible of the same thick 
ness, and they were placed so that the normal was parallel to the bundle of rays of 
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well adapted for this purpose, aud with its aid we may hope for 
important advances in our knowledge of the physical relations 
of the micas.* 

The instrument which I have used for the measurements given 
in this paper is a modification of the goniometer of Charles and 
Malus. It has a horizontal circle of about eight inches diameter 
reading to minutes, with a tangent screw and double readings. 
To the centre of the instrument has been adapted a simple con- 
trivance for holding two tourmalines, and at the same time for se- 
curing the mica plate in the proper position. The tourmalines have 
both a horizontal and rotary movement, and are so arranged that 
the mica plate can be conveniently held between them in an unva- 
rying position while the arm of the goniometer makes its revolu- 
tion. The instrument is adjusted for use by bringing the specimen 
into such a position that the line connecting the optic axes shall 
be horizontal ; and by turning the arm of the instrument through 
the requisite number of degrees, the two series of colored rings 
of a common binaxial mica will come successively into view. 
A vertical cord placed in an open window is required to complete 
the arrangement; the instrument is so adjusted, that the cord 
accurately intersects the black dots of the inner colored circle 
about one axis; a revolution is then made, till the cord intersects 


heat. The instrument was so adjusted that the Locatelli lamp deflected the needle 
in 10°’ of time 30° of the scale Thus arranged, the following results were 
obtained : 


Needle ~ Percent. off 


Mica examined. Optic angle. Color, 
Muscovite of Grafton, ....69° 30’ light brown, 19°-20 57-60 
|?hlogopite, Pope’s Mills, ..7° 30’ white glassy,......... 12°-11°30! 36-345 
“ “ “ 15° brownish yellow, .....) 15° 45 
Edwards, ...13° 30’ yellow brown, ........ 15° 
|Biotite (?) Topsham, er deep reddish brown, 13°-12° 39-36 
| ( probably Phlogopite.) | 
| (probably ilogopite.) 

\Biotite, Monroe, N. Y., ..|..........j\dark green, almost black, 11 33 | 
Muscovite, Royalston, Ms.,57° 30’ 63 

| Paris, Me, .../72° 307 nearly colorless clear, . .|219-21°30/' 63-645 

| Brunswick, Me.'72° 30’ light brown, .......... 21°-21°30' 63-645 
Jones Falls 18°-19° 54-57 
Philadelphia, . ./60° 30’-61° banded in hexag’l figures,| 21°36/-22° 645-66 


When the crystal was placed so that the rays of heat passed parallel to the optic 
axis, (thus the Grafton mica was placed at an angle of 34° 30’, the arrangement 
remaining otherwise as before) the needle was on repeated trials, deflected 249, 
equal to 72 per cent. of all the rays passing while in the other position, (or with the 
normal parallel to the rays) only 60° passed. 

From these few trials (which are regarded as only preliminary and approxima- 
tive,) it will be seen that an interesting relation apparently subsists of the sort looked 
for, and this last experiment is particularly worthy of confirmation by extending it 
to numerous varieties. 

* Mr. Blake presented his instrument and a series of measurements made with it 
to the Physical Section of the Am. Assoc. at the New Haven meeting. 
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in the same manner the other axis; the amount or angle of this 
revolution is the angle between the axes. With this arrange- 
ment there is no difficulty after a little practice in obtaining a 
series of measurements on the same specimen, varying from 
each other but a few minutes at most, without having recourse 
to lenses or other means of more accurately defining the field of 
observation or reducing the area of the colored circles. Such 
modes of greater accuracy are important for the more delicate 
physical questions previously suggested ; but for the purpose of 
mineralogical determination, the means just described are quite 
sufficient, since it is shown that in a series of specimens from the 
same locality there is generally a difference of angle greater than 
any error of observation arising from the imperfection of the in- 
strument employed. 

Additional interest is given to this enquiry from a comparison 
of the chemical relations of the various species of mica and their 
corresponding differences in optical characters. For this reason 
we briefly recapitulate the divisions which are adopted by Prof. 
Dana in the late edition of his system, and which are also given 
witha recapitulation of the chemical formulas on p. 118 of this vol- 
ume. ‘The species of mica now recognized are muscovite, mar- 
garodite, emerylite, euphyllite, margarite, lepidolite, phlogopite 
and biotite. Of these, all but the last are binaxial. Our obser- 
vations will be confined mainly to muscovite, lepidolite, phlogo- 
pite, and biotite. 

Muscovite-—This name has been proposed by Dana to em- 
brace those binaxial micas whose angle of polarization is between 
55° and 75°, excepting however the lithia micas which, having a 
peculiar composition and a very high angle, are included under 
the species lepidolite. ‘The terms “ oblique mica” “ common mi- 
ca” and “ binaxial mica” formerly applied to this species now fail 
to be distinctive, since we have other oblique and binaxial micas 
which belong to different species. The optic axes in this species 
lay in the direction of the longer diagonal of the prism. It 1s 
much the most abundant variety and is commonly found in gran- 
itic rocks, 

2. Lepidolite—This species embraces all the lithia micas, a 
group presenting however varied chemical characters which will 
probably be subdivided by future research. ‘They are all bin- 
axial and as far as observed they yield a higher angle than any 
other of the species of this family, being 75°-76°. The blow- 
pipe reaction for lithia as well as its high polarization angle, en- 
able this species to be very readily distinguished. Many of the 

varieties are easily recognized by their rosy or peach-blossom 
color. 

3. Phlogopite—This name was first proposed by Breithaupt 
for the yellowish brown mica associated with serpentine which 
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is found at Natural Bridge, near Diana in Jefferson county, New 
York. This species is distinguished by a polarization angle be- 
tween 7° and 18°, the angle most commonly observed, being 
13°-16°; it rarely falls below 10°; in all cases the two axes are so 
near that both can be distinctly seen in the field at one view, and if 
examined in thin plates and by a casual observer, it would be es- 
teemed a uniaxial mica. ‘The crystalline form is trimetric, and it 
occurs often in elongated and tapering hexagonal prisms, some- 
times of enormous size as in the well known individuals from 
Pope’s Mills—specimens of which in the writer’s possession are 5 
by 8 inches in thickness and perfect in form. The color is usu- 
ally yellowish brown, bronzy yellow, and deep copper red, some- 
times greenish yellow and rarely white. Its cleavage resembles 
that of muscovite, but the lamine are not generally so elastic. In 
chemical constitution it is a distinct compound although but few 
analyses have yet been made of this species. Like the biotite it 
is remarkable for the amount of protoxyd bases which it contains 
and the small quantity of alumina—giving for the ratio of the 
oxygen of its protoxyds, alumina and silica, as deduced by Rose, 
IS: 12: 30=1: 8%: 1%, (more exactly 7: 4:11, according to 
Craw.) while in the muscovites it is generally 1: 12: 16. Its 
localities are much more numerous than was at first supposed ; 
they abound particularly in northern New York, in Canada, and 
in Morris and Sussex counties in New Jersey. One of the 
most noted localities of this species is Edwards in St. Lawrence 
county, N. Y., where it is found both colorless, of an eminently 
silvery luster, and also of a rich brownish yellow color. 

4. Biotite.-—'This species includes the uniaxial or hexagonal mi- 
cas. Most of the varieties of this species are of a dark color—often 
black or greenish black and transparent only in very thin lamine. 
Owing to this prevalent dark color it is often difficult or quite impos- 
sible to obtain satisfactory evidence of the optical character, and 
there is little doubt that some localities quoted in this article as fur- 
nishing uniaxial micas, should be in fact classed among the phlo- 
gopites. Only one American variety of this species has yet been 
avalyzed—viz., that from Monroe, N. Y., by von Kobell. They 
are generally magnesian micas and have for the oxygen ratio of 
their protoxyds, alumina, and silica, the ratio 1: 1: 2 = R*Si+ 
Rsi. This species and those anomalous specimens which are 
classed under it in the present article, but which probably belong 
elsewhere, offer interesting subjects for chemical examination. 

Beside the phlogopites and biotites, properly so called, there are 
several micas which have fallen under my observation in this re- 
search which are anomalous in character. ‘These present under 
the influence of polarized light an elliptical colored image, in which 
however it is not possible to bring out clearly the two poles of a 
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binaxial mica, nor, on the other hand, the symmetrical cross of 
a uniaxial crystal. ‘The divergence is too constant and too 
regular to allow the supposition that the ellipticity is due toa 
mal-position of the laminz or to a separation between the thin 
plates (remarked on as a cause of irregularity in certain crystals 
by Biot). The divergence of the axes in these exceptional cases 
is too decided not to attract the attention of the experienced ob- 
server, and still these specimens would probably, by most persons, 
be set down as uniaxial, especially in thin plates. Indeed many 
phlogopites when viewed in thin plates appear so nearly uniaxial 
as scarcely to excite attention to their binaxial character, while in 
plates of suitable thickness they are easily measured. Those 
doubtful cases now under consideration are probably referable to 
an oblique crystalline form, but even here the study of a large 
number of specimens from the same locaiity is required before 
satisfactory inferences may be drawn. ‘To this head [I refer the 
deep reddish copper-colored mica from Franklin Furnace, Sussex 
Co., New Jersey, whi:) is found in white dolomite ; also a mica 
of similar character from St. Jerome, Canada; and that, well 
known to collectors, from Moriah in Essex Co., N. Y., which is 
more remarkable than any I have seen for its deep smoky red 
color as seen by transmitted light. But the most interesting 
specimens of this sort observed by me, are certain large crystals 
of a deep olive green color from the Yale College Cabinet, and 
which in our investigations have been referred to Monmouth, 
N. J., although their true locality is still doubtful. This mica is in 
very large rhombic crystals oblique from an obtuse edge. P:M= 
112° - 1154°, M: M= 122°- 125°, the angle of the basal edges is 
119° 30’. Plane angle of P119°. It has a cleavage parallel to the 
longer axis. ‘The obliquity of the optic axes appears to be nearly 
as great as that seen in some phlogopites of equal thickness, but 
the dark color of the mineral prevents a satisfactory examina- 
tion. Should the character of this mica be confirmed by a set of 
good analyses, it must in all probability form a distinct species as 
suggested by Dana.* ‘This variety is not to be confounded with 
the well crystallized mica of Greenwood furnace which, as seen 
in ordinary specimens, is oblique from the acute edge (sections of 
distorted acute rhombohedrous) and which is regarded as a uni- 
axial mica. 

Euphyllite, margarodite and emerylite have hitherto been 
found in quantities too inconsiderable and in specimens generally 
too poorly crystallized to furnish many measurements.t 


* Mineralogy, p. 690. 
+ For the composition of these species, see Dana's Mineralogy, and also this vol- 


ule, pages 114-118. 
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In the accompanying tables we have given for each specimen 
measured, its locality, color, the source whence received, the 
angle between the optic axes, and other observations bearing on 
their history. It may afford a more correct impression of the pres- 
ent state of this investigation to remark that specimens from over 
one hundred American localities of mica have been examined be- 
sides a considerable number of uncertain locality ; and from many 
of these localities very numerous specimens have been measured. 
Thus there have been measured of muscovite specimens from 
about 50 localities; of phlogopite over 30; of euphyllite 2; of 
margarodite 1; of biotite about 12, and of doubtful species 
3 or 4. 

Biotite—The number of localities in the United States fur- 
nishing uniaxial mica (biotite) has been constantly diminishing 
since the commencement of these investigations, as increased 
skill in observation and improved means of examination have 
shown one after another of the reddish and yellow or brown 
colored micas to have more or less decidedly the characters of 
phlogopite. 

Thus the dark brown mica of Fine, the red micas of Moriah, 
of Sterling, of Franklin, and of Gouverneur, have successively 
been thrown out of the list of biotites into the binaxial species. 
Others remain in doubt as those of ‘Topsham, Me., and Easton, Pa. 

Greenwood F'urnace, Monroe, Orange County, N. Y., is the 
locality of a very remarkable and perfectly crystallized biotite. 
It is figured by Beck,* and fully described also by Dana,t and 
it appears to have been analyzed by von Kobell,f as quoted by 
both the authors just cited. ‘The remarks made on a previous 
page respecting the equivocal optical character of some of the 
micas apply to this variety also. It is opake in plates over 
one-twelfth of an inch thick, but of rich olive green in thin 
plates. 

The figure of its rings under polarized light is decidedly 
elliptical, but not so much so perhaps as to require any other 
explanation than the remark of Biot, before quoted, respecting 
the power of thin plates to disturb the ray and produce the effect 
of binaxial structure in a uniaxial crystal. ‘The author has a 
new analysis of this variety in progress the results of which he 
will present on a future occasion. 'The chemical constitution of 
very few American biotites has been examined: indeed the local- 
ity just referred to is the only one cited. Von Kobell’s result 
corresponds with the formula given on page 375. 

Mica of Monroe, N. Y.—This mica from the same town as 
the last is also uniaxial and gives a figure almost entirely cir- 


* Min., N. Y., p. 37. + Min. (1850), 360. 


¢ Kastn. Archy., xii, 29. 
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cular. It is distinguished by its bronzy lustre and dark greenish 
olive color inclining to gray or black. It is imperfectly transpar- 
ent, having by transmitted light a dusky or hazy appearance. It 
occurs in plates of immense size, which are marked on the cleav- 
age surfaces with rhombic and triangular figures, (no distinct lat- 
eral planes have however been found,) as well as with transverse 
cleavage lines. It is slightly elastic but very tough. One speci- 
men which the author has seen in the cabinet of Mr. C. M. 
Wheatley in New York is nearly two feet in diameter. Mr. 
Horton of Monroe has also furnished the writer with numerous 
very large specimens. No analysis of it has been published, but 
the author hopes to present one at a future time. 

The white mica of Easton, Pa., which is very silvery and 
slightly elastic and opake in thick plates, is probably a biotite, 
and, excepting the very similar white mica of Amity, N. Y., is 
the only white uniaxial variety yet noticed in this country. 

The Black micas are almost universally referable to the species 
biotite, although many micas usually called black in collections 
are in reality dark brown and olive green and are frequently refer- 
able to phlogopite. Unfortunately very few of the localities of 
this variety of color found in cabinets are labelled. I have one 
from Moors Slide on the Ottawa in Canada, furnished me by Mr. 
Hunt of the Canada Geological Commission. Another black mica 
is found in St. Lawrence Co., N. Y., of which specimens were ob- 
tained by the author from the cabinets of Mr. Wheatley and ot 
the N. Y. Lyceum in New York. Two black micas from the 
Cambridge cabinet are unaxial, locality not known. 

Geological relations.—It is worthy of notice that the species 
muscovite is found almost entirely in granitic rocks ; in no instance 
as far as I have seen, has a specimen of this species been found in 
a lime rock. On the other hand, the phlogopites, with a single 
exception, so far as has been ascertained, are found in limestone 
and often in dolomitic beds. The biotite is less well determined, 
but, as regards the black micas, they are always, it is believed, 
found in granitic rocks. Thus New England is the region of 
muscovites, and northern New York, New Jersey and Canada, 
that of phlogopite. The few specimens of muscovite from St. 
Lawrence Co. were obtained from granite boulders. The only 
specimen of phlogopite yet observed in New England is from 
Carlisle in Mass., where also it is found in a limestone vein with 
chondrodite and fibrolite, an interesting confirmation of the sug- 
gestion here put forth. Can this distribution be unconnected 
with the chemical composition of the several compounds? The 
magnesian character of the phlogopites would seem to indicate 
the dolomitic position of the species, while the absence of this 
element in the muscovites is a negative fact of equal significance. 


Analyses of Phlogopite. 383 


The writer cannot close this paper without tendering his thanks 
to numerous correspondents who have in the kindest manner 
responded to his persevering enquiries for specimens. It is in- 
tended that the foregoing tables should embrace in all cases the 
source from whence the specimens were obtained, as it is of the 
greatest importance that accuracy and authenticity should be ob- 
tained in this particular, for the sake of future observers. The 
author retains all the localities referred to in his own collection 
so labelled as to avoid error, and they are at all times open to the 
inspection of those who wish to examine them.* 


Art. XXX VIII.—Analyses of Phlogopite from St. Lawrence 
County, N. Y.; by Wm. J. Craw, of the Yale Analytical 
Laboratory. 


Read before the American Association for the Advancement of Science, at New 
Haven, August, 1850. 


Tue mica called Phlogopite has been analyzed by Meitzen- 
dorff, in Poggendorff’s Annalen, volume viii, page 157. An 
analysis has likewise been published by Svanberg, in the Trans- 
actions of the Royal Swedish Academy for 1839, of a mica 
which has been supposed to be phlogopite, but as it does not 
agree in atomic proportions with that from New York, it very 
probably may not come under this species. 

Meitzendorff gives the following as the composition of the 
specimen which he analyzed: it was from Jefferson Co., N. Y., 
and probably from Natural Bridge. 


Si Al Fe Me K NacsomeLi FI ign. 
41°30 15°35 177 28°79 9-70 0°65 3°30 


Oxygen, 21°46 T17 053 11°31 1°65 O17 


The specimens analyzed by me were all from Edwards, St. 
Lawrence Co., N. Y. No. 1, had a deep yellowish brown color, 
in broad plates. 


* It is worthy of remark that the species Phlogopite has not yet been mentioned 
as occurring in Europe. Dufrenoy+ mentions and figures micas from Clayette in 
France, another from the department of Finistére and others from Lake Baikal which 
are probably to be referred to this species, but no optical examination appears to 
Sir David Brewster quotes a mica of 14° measured by 
Indeed opt ical observers have 


have been made of them. 
him, but does not say from whence he procured it. 
seemed heretofore to attach no importance to the localities of the specimens meas- 
ured by them, and hence their observations are rendered nearly useless to the min- 
eralogist. It cannot be doubted that the limestone rocks of Europe will supply 
many examples of phlogopite. The author would take this opportunity to suggest 
that the light and dark greenish micas of Vesuvius are referable to phlogopite as 
he has satisfied himself from the examination of authentic specimens in the collec 
tion of Yale College. The black Vesuvian micas are undoubtedly uniaxial. 


+ Traité de Minéralogie, iii, p. 647, 1847, also Dana, p. 359. 


— 
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No. 2, was a transparent and colorless crystal of a silvery lus- 
tre ; and 

No. 3, was a part of the same crystal rendered quite opaque 
and silvery by the absorption of water. The crystal which fur- 
nished Nos. 2 and 3 was originally 6 by 8 inches in surface 
dimensions. 

No. 1, gave reactions for silica, alumina, magnesia, potash and 
fluorine, with small quantities of peroxyd of iron and soda, and 
a doubtful trace of lithia. 

Nos. 2 and 3 gave silica, alumina, magnesia, potash and soda, 
with traces of water and fluorine. 

The following are the results of analysis: 


No. 1. No. 2. No. 3. 

Si 40145 40°358 40°36 
Al with a little Fe 17°356 16450 16-084 
Mg 28-099 29°554 30-247 
K 10°564 7226 
Na O63 4°39 
Fl loss by ign. 0952 2-65 
100°996 99478 99-797 


Oxygen Ratios. 


No. 1. No. 2. No. 3. 
Si 20°86 20°97 20°97 
Al $11 769 752 
Mg 11°04 } 11°61 ) 11°89 } 
K 179 12-99 1:23 1411 1:03 14-05 
Na 016) 27 


The ratios are respectively 1°6:1:2°56; 183: 1:2-73; 
187: 1:2-78; the mean of these is 1:77: 1: 2°69, which 
equals very nearly 7 : 4: 11, and corresponds with the formula 
7TR® Si+441 Si, ‘The equality between the oxygen of the silica and 
that of the bases will be observed ; and if &* and Al may replace 
one another, the formula becomes (R®, 41) Si, acommon type among 
the silicates. 

The per-centage corresponding to this formula is as follows, 
excluding the fluorine, which is not found in analyses 2 and 3. 

Si Al Mg K 
41°60 16°82 80°01 11°57—100°00 

In No. 1, the 41 contains a small proportion of ¥e, which in- 
creases the amount of oxygen from the peroxyds so as to make 
the protoxyds and silica appear smaller in proportion than they 
really are, and the determination of the silica is also, probably, 
somewhat too low. 

Meitzendorff’s analysis affords the ratio 13-13 : 7-70 : 21-46; 
which equals 1-7 : 1 : 2-78, and corresponds quite closely with the 
ratio 7: 4: 11, the same which is afforded by the analyses above. 
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The fluorine, however, comes in as an important element, and 
one which it is somewhat difficult to dispose of, in a perfectly 
satisfactory manner. 

H. Rose considers the fluorine to exist as fluorid of potassium, 
and gives the formula K FI+(3R* Si+2R Si) This corresponds to 
the ratio 3 : 2 : 5—the potash being removed from the other pro- 
toxyds, as a fluorid. 

Rammelsberg remarks that the fluorine may be considered as 
silicofluorid of potassium; but Rose is opposed to this view, on 
the ground that it would change the ratio of the oxygen in the 
several oxyds. This it would do, if it were considered simply as 
silicofluorid of potassium, but if, in accordance with the recent 
views of Rammelsberg published in his last supplement, it is 
taken as replacing oxygen in the several compounds, the ratio 
will remain unaltered. In this view, the formula 7R* Si+4Ai Si, 
represents correctly the constitution of the mineral, if we suppose 
the oxygen partly replaced by fluorine. 

The apportionment of the fluorine and oxygen to the several 
compounds is as follows :— 


1. Meitzendorff's Mica. 


Fluorine. _. Oxygen in residues. Sum. 

Combined with Si 1°65 Si 20°68 22°33 
Mg 0°90 Mg 10°94 ) 

K O15 K 158 ¢ 12°68 13°73 
Na O16 ) 


Ratio 1:7: 1: 278. 
2. Mica from Edwards. Analysis 1. 


Fluorine. .. Oxygen in residues, Sum. 
Combined with Si 2101 Si 19°97 22-071 
Al 0764 Al 779 8-554 
Mg Mg 10°56 ) 
K 0191 K 1°71 12°43 13°767 
Na 016) 


Ratio = : 2°58. 

The ratio of the silico-fluorids to the silicates is 1: 30 in Meit- 
zendorti’s analysis, and about 1: 24 in the mica of Edwards; 
according to the first, the detailed formula is— 

80(7R> Si+4A1 Si]+1[7(3R F+Si F*)4+4(Al F*+4Si F*)] 
and according to the second— 
24(7R* Si+4Al Si]+-1[7(3R F+Si F*)+4(Al F*+Si F*)]. 

Analyses 2 and 3 correspond clesely with Meitzendorff’s in 
the ratio, if this view of the fluorine be taken, and the varieties 
with fluorine and those without, which are alike in polarization, 


thus come under one general formula. 
Seconp Series, Vol. X, No. 30.—Nov., 1850. 49 
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Extracts from the Proceedings of the Twentieth Meeting of the British 
Association, held at Edinburgh, July, 1850.* 


Section A.—MATHEMATICAL AND PuysicaL Science. 


On Atlantic Waves, their Magnitude, Velocity, and Phenomena; by 
Dr. Scoressy. 


DurinG two passages across the Atlantic in 1847-8, I had opportuni- 
ties for investigating certain elements respecting deep-sea waves more 
favorable than had ever before occurred within my experience in navi- 
gation. These observations, it should be noted in the outset, and the 
results deduced from them, were entirely uninflenced by, and separate 
from theory. They form but a contribution to this interesting branch 
of natural phenomena ; but I offer them the more readily from the cir- 
cumstance of their entire independency and speciality. {t was in our 
return voyage from America that the highest seas occurred, when the 
circumstances adapted for interesting observations were singularly fa- 
vorable; for, whilst the magnitude and the peculiar construction of the 


determinate elevation above the line of flotation for observations on the 
height of the waves, the direction of the ship’s course, with respect to 
that of the waves, was generally so nearly similar as to yield the most 
advantageous agreement or accordance for observations on their width 
and velocity. ‘These observations | shall extract, in their order, from 
my journal kept during the homeward passage. My first observation 
worth reco.ding is under the date of March 5, 1848, when the ship was 
in latitude about 51°, and longitude (at noon) 38° 50’ W.—the wind 
then being about W S.W., and the ship’s course, true, N. 52° E. At sun- 
set of the 4th the wind blew a hard ae which, with heavy squalls, had 
continued during the night; so that all sail was taken in but the storm- 
staysail forward. The barometer stood at 29-50 at 8 p. m., but fell so 
rapidly as to be at 28°30 by 10 the next morning. [n the afternoon of this 
day [| stood some time on the saloon deck or cuddy roof,—a height, with 
the addition of that of the eye, of 23 feet 3 inches above the line of 
floration of the ship,—watching the sublime spectacle presented by the 
turbulent waters. [lam not aware that I ever saw the sea more terribly 
magnificent. [ was anxious to ascertain the height of these mighty 
waves ; but found almost every wave rising so much above the level of 
the eye, as indicated by the intercepting of the horizon of the sea in 
the direction in which they approached us, as to yield only the mini- 
mum elevation, and to show that the great majority of these rolling 
masses of water possessed a height of considerably more than twenty- 
four feet (including depression as well as altitude,) or, reckoning from 
the men level of the sex, of more than twelve feet. Exposed as the 
situation was, | then adventured to the larboard paddie-box, which 
was about seven feet higher, where the level (as ascertained afterwards 
at Liverpool, allowance: being made for the alteration in the draught of 
water of the ship, ) was twenty-four feet nine inches above the sea. 


1190, 1191. 


* From the 


Atheneum, 1189, 


upper works of the ship—the Hibernia—aflorded various platforms of 
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This position, with five feet six inches, the height of my eye, gave an 
elevation altogether of thirty feet three inches for the level of the view 
then obtained,—a level, it should be remarked, which was very satis- 
factorily maintained during the instants of observation, because of the 
whole of the ship’s length being occupied within the clear “ ‘rough of 
the sea,” and in an even and upright position, whilst the nearest ap- 
proaching wave had its maximum altitude. Here, also, | found at least 
one half of the waves which overtook and passed the ship were far above 
the levelofmy eye. Frequently | observed long ranges (not acuminated 
peaks) extending one hundred yards, perhaps, on one or both sides of 
the ship,—the sea then coming nearly right afiti—which rose so high 
above the visible horizon, as to form an angle estimated at two to three 
degrees (say 24°) when the distance of the wave summit was about 
one hundred yards from the observer. This would add near thirteen 
feet to the level of the eye. And this measure of elevation was by no 
means uncommon,—occurring, | should think, at least once in half a 
dozen waves. Sometimes peaks of crossing or crests of breaking seas 


would shoot upward at least ten or fifteen feet higher. The arerage 
wave was, | believe, fully equal to that of my sight on the paddle- box, 
or more,—that is, 29 — 15 feet, or upwards ; ‘ead the mean highest 


waves, not including the broken or acuminated crests, about forty three 
feet above the level of the hollow occupied at the moment by the ship. 
liluminated as the general expanse not unfrequently was by the tran- 
sient sunbeam breaking through the heavy masses of the storm-cloud, 
and contrasting its silvery light with the prevalent gloom, yielding a 
wild and partial glare, the mighty hills of waters rolling and foaming as 
they pursued us, whilst the gallant and buoyant ship—a charming “* sea- 
boat”—rose abufi as by intelligent anticipation of their attack, as she 
scudded along, so that ‘their irresistible stre sngth and fierce momentum 
were harmlessly spent beneath her and on her outward sides,—the 

storm, falling fiercely on the scanty and almost denuded spars and 
steam chimney raised aloft, still indicated its vast, but as tu us innoxious, 
power, in deafening roarings,—altogether presented as grand a storm- 
scene as | ever witnessed, and a mi sunifice nt example of “the works of 
the Lord,” specially exhibited to sea-going men, ** and his wonders in 
the deep.” In the afternoon of the same day the gale again increased, 
blowing, especially during the continuance of a much protracted hail- 
shower, terrifically,—roaring like thunder whilst we scudded before it, 
causing the ship to vibrate as by a sympathetic tremor, and the tops of 
rolling waves, too tardy, rapid as was their actual progress, for the 
speed of the assailing influence, to be carried off and borne along on 
the aerial wings in a perfect drift of spray! But during the period of 
these most vehement operations of nature, | was fortunately enabled, 
from familiarity with sea enterprise, to pursue my observations with en- 
tire satisfaction. The next duy—March 6—added to the interest of 
these investigations by deve loping the character of the Atlantic waves 
under a long and fiercely- -continued influence of a little varying wind, 

It had blown a heavy gale, violent in the showers, from the north-west- 
ward, from Saturday evening the fourth, to the evening of Sunday, 
from twenty-six to thirty hours ; during the night, too, of Sunday it had 
again blown hard (abating towards the morning of Monday), and mak- 
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ing a total continuance of the storm, in its violence, of about thirty-six 
hours.* [| renewed my observations on the waves at ten A. M.—the 
storm having been then subdued for several hours, and the height of the 
waves having perceptibly subsided. Soon | observed, when standing 
on the saloon-deck, that ten waves, in one case, came in succession, 
which all rose above the apparent horizou,—consequently they must 
have been more than twenty-three feet, probably the average might be 
about twenty-six from ridge to hollow. At this period | also found that 
occasionally (that is, once in about four or five minutes,) three or four 
waves in succession, as seen from the paddle-box, rose above the visible 
horizon,—hence they must, like those of the preceding day, have been 
thirty feet waves. But one important difference should be noted—viz., 
that they were of no great extent on the ridge, presenting, though more 
than mere conical peaks, but a moderate elongation. 

Another subject of consideration and investigation, on this occasion, 
was the period of the regular waves overtaking the ship, and the de- 
termination, proximately, of the actual width or intervals, and their ve- 
locity. 1. The ship was then going nine knots only, the free action of 
the engines being greatly interfered with by the heavy sea running, and 
the lines of direction of the waves and the ship’s course differed about 
224 degrees, the sea being two points on the larboard quarter,—in other 
words, the true eourse of the ship was east; the direction from whence 
the sea came was W.N.W. 2. The period of regular waves in inci- 
dental series, overtaking the ship, were observed as follows :— 


Waves Min. Sec Mean 
20 occupied 5 03 165 
10 2 35 - 15 °5 
10 2 45 16 -5 


3. The length of the ship was stated to be two hundred and twenty feet 
The time taken by a regular wave to pass from stern to stem appeared, 
on a mean of several observations, to be about six seconds. Hence 
6” : 220 feet (the width passed over in that time) :: 16°5 feet to 605 feet 
(the width passed over betwixt crest and crest.) But this extent, by 
reason of the obliquity of the direction of the waves to the course of 
the ship, is found to be elongated about 45 feet, reducing the probable 
mean distance of the waves to five hundred and fifiy-nine feet. Inde- 
pendently of this process, | had previously estimated the distance of the 
wave crests, ahead and astern when the ship was in the hollow, as | 
stood near the center of the ship’s length on the paddle-box, at three 
hundred feet each way, by comparing the intervals betwixt my position 
and the place of the wave-crest, with the known length of the ship. 
This comparison frequently re-considered and repeated, subsequently 
yielded, in much accordance with the former, a total width, in the line 


* The barometer on Saturday, at 8 p.m, was at 29°50; at 6 a.m. of Sunday it had 
fallen to 28°30, being 12 inches in ten hours. At 6 p.™. of the latter day it had risen 
to 30°00 inches. 
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of the ship’s course, of about six hundred feet. 4. But the total dis- 
tance betwixt the crests of two waves, then reckoned at five hundred 
and fifty feet, a distance passed by the wave in 16°5 seconds of time, by 
no means indicates, it is obvious, the real velocity of the wave, as the 
ship meanwhile was advancing nearly in the same direction at the rate 
of nine knots, that is, nine geographical miles, or (6,075°6 feet K 9 = 
54,680°4 feet per hour, or 15°2 feet per second. During the time, 
therefore, of a wave passing the ship = 16°5’, the ship would have ad- 
vanced on its course 15°5 & 15°2 = 250-6 feet. Reducing this for the 
obliquity of two points we have 231°5 feet to be added to the former 
measure, five hundred and fifty nine feet, which gives 790°5 feet for the 
actual distance traversed by the wave in 16°5 seconds of time, being at 
7005 \ 
x 17,251-7 feet, or 32°67 English stat- 
165 
ute miles per hour. ‘To know how far this result is but proximate, it 
should be considered that, of the several elements employed in the cal- 
culation, all but one might be deemed accurate. The interval of time 
occupied by the transit of a wave with respect to the position of the 
ship, the direction of the ship’s motion with relation to that of the 
waves, and the speed of the ship through the water,—may all be re- 
corded as, essentially, accurate. The element in doubt is that of the 
average distance from summit to summit of the waves. This distance, 
it has been seen, was, by a twofold process of observation or compari- 
son accordantly assumed. The value of the judgment derived from 
rapid comparison of measures by an eye accustomed to such estimations 
is, it should be observed, far higher than might be generally considered. 
The practical military commander or engineer officer is able to make, 
by mere inspection of the ground before him, remarkably close esti- 
mates of spacesand distances. When engaged in the Arctic whale fish- 
ery, | was enabled, from habit and comparison of unmeasured spaces with 
known magnitudes, to estimate certain distances with all but perfect ac- 
curacy. Thus, as to a circumstance in which we were most deeply in- 
terested—the near approach of a boat to a whale—I found it quite 
practicable, whenever the pursuing boat approached within twice or 
thrice its length (except when the position was near end on) to estimate 
the distance to less than a yard. Now, the means of comparison by 
the eye as to the estimation of the breadth of the Atlantic waves, was 
that of the ship’s length of 220 feet. When the ship was fairly in the 
middle of the depression betwixt two waves it was assumed, with re- 
ference to this known measure, that something obviously less, but not 
greatly so, than the ship’s length, was the distance of each of the two 


| 


the rate of 


waves then contemplated—giving a total width of about six hundred 
feet. But the comparison of the time required by a wave to pass from 
stem to stern, with the average time of transit of an entire wave, 
yielded a much better result; and, on much consideration of the sub- 
ject, | am inclined to believe that the estimate is a tolerably close ap- 
proximation to the truth. It should be observed, too, that as the head- 
way of the ship, in the direction of the course of the wave—being a 
known quantity—it was favorable to the accuracy of the estimate. 


For, assuming an error in the width of the waves to have occurred, say 
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to the amount of one-twelfih of the whole, or forty-nine feet—the effect 
upon the calculated velocity of the wave would have been only about 
a sixteenth, or 2°16 miles per hour. ‘The form and character of these 
deep-sea waves became at the same time interesting subjects of obser- 
vation and consideration. In respect to form, we have perpetual modi- 
fications and varieties, from the circumstance of the inequality of op- 
eration of the pewer by which the waves are formed. Were the wind 
perfectly uniform in direction and force, and of sufficient continuance, 
we might have in wide and deep seas, waves of perfectly regular form- 
ation. But no such equality in the wind ever exists. It is perpetually 
changing its direction within certain limits, and its force too, both in the 
same place and in proximate quariers. Innumerable disturbing influ- 
ences are therefore in operation generaling the varieties more or less 
observable in natural sea waves. In regard to my own observations of 
the actual forms of waves, nothing particularly new could be expected 
from an inquiry of this kind in regard to phenomena falling within the 
perpetual observation of sea-going persons; yet, at the risk of stating 
what might be deemed common, | will venture to transcribe from my 
notes made with the phenomena before me, the leading characteristics 
which engaged my attention. During the height of the gale (March 
6th) the form of the waves was less regular than after the wind had, 
for some time, begun to subside. ‘Though in many cases when the sea 
was highest the succession of the primary waves was perfectly distinct, 
it was rather difficult to trace an identical ridge for more than a quarter 
to a third of a mile. ‘The grand elevation in such case sometimes ex- 
tended by a straight ridge or was sometimes bent as of a crescent form, 
with the central mass of water higher than the rest, and, not unfrequently, 
with two or three semi-elliptical mounds in diminishing series, on either 
side of the highest peak. ‘These principal waves, too, it should be 
noted, were not continuously regular, but had embodied in their general 
mass many minor, secondary and inferior waves. Neither did the 
great waves go very prevalently in long parallel series like those re- 
tarded by shallow water on approaching the shore; but every now and 
then changed into a bent cuneiform crest with breaking acuminating 
peaks. On the following morning (March 7,) after a second stormy 
night, wind S.S.W. (fine), we had a heavy and somewhat cross sea 
{from the change of wind from W.S.W. to S.S.W.). But the almost 
unabated magnitude of the more westerly waves indicated a continu- 
ance of the original wind at some distance astern of us. The gale had 
moderated at daylight, and the weather became fine ; but as the sea still 
kept high, its undulations became more obvious and easily analyzed. 
At three in the afiernoon, when about a third part of the greater undu- 
lations averaged about twenty-four feet from crest to hollow, in height, 
these higher waves could be traced right and left as they approached 
the ship to the extent of a quarter of a mile on an average, more or 
less. ‘Traced through their extent the ridge was an irregular round- 
backed hi!l, precipitous often on the leeward side. ‘The undula- 
tions, indeed, as to primary waves, consisted mainly of these round- 
backed masses, broken into or modified by innumerable secondary and 
smaller waves within their general body. The time in which these 
waves passed the ship was now, on an average, about fifteen seconds, 
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the ship’s speed being increased from nine to eleven knots, and the ob- 
liquity of the ship’s course to the direction pursued by the waves was 
three points. On the 9th,1wo days afier the above condition of the 
waves—whilst the sea yet ran high—few waves could be traced, con- 
tinuously, above three hundred or four hundred yards in extent along 
the same ridge. The crests ofien curled over, but none so as to reach 
the height of a thirty feet wave, and broke for a wide space, estimated 
at fifty to one hundred yards in continuity. 

Miscellaneous Notes and Suggestions.—The mode adopted in these 
researches of finding the height of waves is, | believe, quite satisfactory, 
and, observed with care and with relation to numbers or proportion of 
waves, as accurate as need be. The depression of the horizon in re- 
spect to the elevation of the observer is too small to form even a cor- 
rection. As the horizon from the paddle-box 49 = 15 feet, had onlya 
depression of 3’ 49”, the distance of the visible horizon, as seen from 
this elevation, would be 4°45 statute miles, and the actual depression in 
feet due to the distance of the summit of the wave when the ship was 
in the midst of the hollow, could only be 0°18 foot or 2-16 inches. 
Other modes of determining the width of a wave—or the extent betwixt 
summit and summit—much preferable to that described (the only avail- 
able one | could devise) might easily be adopted where the manage- 
ment of the ship was in the hands of the observer. In sieam ships the 
simplest mode for high seas, perhaps, would be, altering the speed of 
the ship when going in the direction of the wave or against the wave ; 
the ratios of the time of transit of wave-crests, under different rates of 
sailing of the ship might yield results very close to the truth. In mod- 
erate sized waves the plan adopted by Capt. Stanley—whose observa- 
tions | met with before this meeting—seem satisfactory. But in calms, 
or moderate weather after a storm,—that is, for the determination of 
the velocities of less elevated waves—a variety of processes might be 
available 

The author referred, in conclusion, to the forms of wave crests, and 
heights, modified by crossings, interferences, and reflections. 


On Metallic Reflection; by Prof. G. G. Sroxes. 


The effect which is produced on plane-polarized light by reflex- 
ion at the surface of a metal shows that if the incident light be supposed 
to be decomposed into two streams, polarized in and pe rpendicularly to 
the plane of reflexion respectively, the phases as well as the intensities 
of the two streams are differently affected by the reflexion. It remains 
a question whether the phase of vibration of the stream polarized in the 
plane of reflexion is accelerated or retarded relative to that of the 
stream polarized perpendicularly to the plane of reflexion. This ques- 
tion was first decided by the Astronomer Royal, by means of a phe- 
nomenon relating to Newton’s rings, when formed between a speculum 
and a glass plate. Mr. Airy’s paper is published in the Cambridge 
Philosophical Transactions. M. Jamin has since been led to the same 
result, apparently by a method similar in principle to that of Mr. Airy. 
In repeating Mr. Airy’s experiment, the author experienced consider- 
able difficulty in observing the phenomenon. ‘The object of the present 
communication was to point out an extremely easy mode of deciding 
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the question experimentally. Light polarized at an azimuth of about 
45° to the plane of reflection at the surface of the metal was trans. 
mitted, after reflexion, through a plate of Iceland spar cut perpendicu- 
lar to the axis, and analyzed by a Nicols’s prism. When the angle of 
incidence was the smallest with which the observation was practicable, 
on turning the Nicols’s prism properly the dark cross was formed almost 
perfectly ; but on increasing the angle of incidence, it passed into a 
pair of hyperbolic brushes. This modification of the rings was de- 
scribed and figured by Sir D. Brewster, in the Philosophical Transac- 
tions for 1830. Now, the question at issue may be immediately de- 
cided by observing in which pair of opposite quadrants it is that the 
brushes are formed. In this way the author was led to Mr. Airy’s re- 
sult, namely, that as the angle of incidence increases from zero, the 
phase of vibration of light polarized in the plane of incidence is re- 
tarded relatively to that polarized in a plane perpendicular to the plane 
of incidence. 

On a Fictitious Displacement of Fringes of Interference ; by Prof. G. 

G. Srokes. 

The author remarked that the mode of determining the refractive in- 
dex of a plate by means of the displacement of a system of interfer- 
ence fringes, is subject to a theoretical error, depending upon the 
dispersive power of the plate. It is an extremely simple consequence 
(as the author showed) of the circumstance that the bands are broader 
for the less refangible colors, that the point of symmetry, or nearest ap- 
proach to symmetry, in the system of displaced fringes, is situated in 
advance of the position calculated in the ordinary way for rays of mean 
refrangibility. Since an observer has no other guide than the symme- 
try of the bands in fixing on the center of the system, he would thus be 
led to attribute to the plate a refractive index which is slightly too great. 
The author has illustrated this subject by the following experiment :— 
A set of fringes produced in the ordinary way by a flat prism were 
viewed through an eye-piece, and bisected by its cross wires. On 
viewing the whole through a prism of moderate angle, held in front of 
the eye-piece with its edge parallel to the fringes, an indistinct pris- 
matic image of the wires was seen, together with a distinct set of 
fringes, which lay quite at one side of the cross wires, the dispersion 
produced by the prism having thus occasioned an apparent displace- 
ment of the fringes in the direction of the general deviation. 


On the Refractive Indices of several Substances; by the Rev. Prof. 
PowELL. 

Having on former occasions endeavored to extend the list of observed 
indices for the standard rays of the solar spectrum given by prisms of 
different media, by means of an apparatus described, along with the 
statement of the results, in my report to the British Association, 1839, 
I now beg to offer to the Association the indices in like manner obtained 
for the four following. The rare oil of spikenard | received through a 
friend from the late Mr. Hatchett, by whom it was carefully prepared, 
perfectly pure; for the other three [ am indebted to Mr. N. S. Maske- 
lyne. ‘The results in each case are the mean of several repetitions. In 
two instances (the oils of lavender and sandal wood) the absorption of 
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the violet rays (as in so many other oils) was such as to render the line 
H very indistinct; its index is therefore marked as doubiful.— 


u for the the Standard Rays. 


MEDIUM. 


| H 
Oil of Spikenard, | | | 
Temp. 22 deg. Centig.| 1:4782/ 1:4746| 14783) 14829) 14868 14944! 1:5009 | 


Oil of Sandal Wood, | | | 
Temp. 20 deg. Centig. 175034; 1°5058/ 15091 16117; 15151 1°5251, 15398? 


Oil of Lavender, | 
Temp. 20 deg. Centig.) 1-4641| 14658 | 14660) 14728) 14760! 14837) 14930? 


Benzole, | 
Temp. 18 deg. Centig.| 1-4895 | 1-4961 | 1:4978 | 15041 | 15093! 15206) 15310 


In my report (1839), I stated the impossibility of obtaining measures in 
chromate of lead from the absence of all appearance of lines, and the 
entire absorption of the blue and violet portion of the spectrum. I have 
since thought that in the absence of any determinations of the kind it 
might not be useless to give the very rough estimates which my former 
attempts enable me to obtain by means of the absorption of blue glass, 
which gave a point roughly corresponding to about B, another to D, and 
the extreme green space visible might be about E. The most refracted 
of the two spectra (given by the double refraction of the substance) 
was the worst defined, and in this the part corresponding to D is ex- 
tremely uncertain. The mean of two sets of observation was as fol- 
lows :—Prism of chromate of lead, axis of prism perpendicular to axis 
of crystal, mean angle obtained by reflexion and by measurement = 
14° nearly.— 


ist Spectr um 2nd Spr ctrum. 
Ray. A | 4 | A 
Extreme red, | 
about B 22° 2°53 i} 26° 30’ 2-84 
about D 23°10’ | 265 } 29°% | 300% 
about E 24° 30’ 2-70 30° 30’ | 310 


While upon the subject, | may be allowed to remark, that as attempts 
are now making, with so much promise, for procuring optical glass of a 
superior quality, it would be highly interesting if specimens were cut 
into prisms (portions of half an inch cube, or even less, will do, and 
two sides only need be polished, containing an angle of about 60°), so 
as to subject the glass to the very delicate test of the visibility of the 
finer lines of the spectrum. 1 have reason to think that working optic- 
ians are not generally aware that in many specimens, apparently very 
clear, only a few of the broader lines can be seen and very often none ; 
in Fraunhofer’s glass nearly six hundred were visible. 

On the Magneto-optic Properties of Crystals, and the Relation of 
Magnetism and Diamagnetism to Molecular Arrangement; by 
Messrs. J. Tynpatt and Hermann Knostaucn. 

During the investigation carried on more than one hundred natural 
crystals had been examined. The results were thus briefly summed 
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up :—We have on the one side four new forces assumed,—the optic at- 
tractive force and the optic repulsive force, the magno-crystallic force and 
the magneto-crystallic force ; and on the other side no new force what- 
ever, but simply that modification of existing forces which we have named 
eleciro-polarity. By attention to the compression of amorphous bodies, 
every single experiment cited in proof of these four forces can be repro- 
duced. Exactly the same can be exhibited with wax, dough, artificial 
layers, gutta percha and ivory. The alternative then appears to be either 
to explain the action of these substances by the assumption of optic and 
crystallic forces, or to explain magno-crystallic action by electric polarity. 

This paper gave rise to a very animated discussion. —The President 
said, that alihough he was ready to admit that Mr. Tyndall’s theory was 
most ingenious, and the arguments and experiments by which he sus- 
tained his views were apparently well conceived and sound, yet time 
must be given to weigh them well before a satisfactory conclusion 
could be reached.—Prof. Thomson thought that Mr. Tyndall’s views 
would be found to be substantially consonant with Dr. Faraday’s and the 
theory of Poisson. 

On the Polarizing Structure of the Eye; by Sir D. Brewsver. 

The author said that when he sat down to this paper he was not 
aware that Prof. Stckes was intending to make the communication 
which was placed next on the list—as his was an attempt to account by 
the polarizing structure of the eye for the phenomena of Haidinger’s 
brushes, which would be referred to them immediately by Mr. Stokes. 
He would, therefore, confine himself to showing that the eye contained 
within itself amply sufficient to account for the phenomenon, because 
constituting the eye itself an ever ready polariscope or analyzer of po- 
larized light.—He proceeded by diagrams to show that the crystalline 
lens of the eye, its posterior enclosing membrane, with the concave 
para!lel membranes immediately in front of the retina, which together 
acted similarly to a number of water crystals placed one within the other, 
constituted a polarizing apparatus, which by analyzing the polarized 
light from the blue sky, would give two blue skies, bounded by hyper- 
bolic curves, with an interposed space of a yellow of the third order, 
or a brownish yellow, which would constitute the brushes, or bouchals, 
of Haidinger. One only difficulty still confronted him in this explana- 
tion, viz., that it ought to turn round the brush 45° from the plane of 
polarization,--in which plane, on the contrary, the brush was found to 
arrange itself. 
On Haidinger’s Brushes ; by Prof. G. G. Sroxes. 


It is now several years since these brushes were discovered, and they 
have since been observed by various philosophers; but the author has 
not met with any observations made with a view of investigating the 
action of different colors in producing the brushes. The author's at- 
tention was first called to the subject by observing that a green tourma- 
line which polarized light very imperfectly enabled him to see the 
brushes distinctly, while he was unable to make them out with a brown 
tourmaline which transmitted a much smaller quantity of unpolarized 
light. He then tried the effect of combining various colored glasses 
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with a Nicols’s prism. A red glass gave no trace of brushes. A 
brownish yellow glass, which absorbed only a small quantity of light, 
rendered the brushes very indistinct. A green glass enabled the author 
to see the brushes rather more distinctly than they were seen in the 
light of the clouds viewed without a colored glass. A deep blue glass 
gave brushes of remarkable intensity, notwithstanding the large quan- 
tity of light absorbed. With the green and blue glasses the brushes 
were not colored, but simply darker than the rest of the field. ‘To ex- 
amine still further the office of the different colors in producing the 
brushes seen with ordinary daylight, the author used a telescope and 
prism, mounted for showing the fixed lines of the spectrum. ‘The sun’s 
light having been introduced into a darkened room through a narrow 
slit, it was easy, by throwing the eye-piece a little out of focus, to form 
a pure spectrum on a screen of white paper placed a foot or two in front 
of the eye-piece. On examining this spectrum with a Nicols’s prism, 
which was suddenly turned round from time to time through about a 
right angle, the author found that the red and yellow did not present the 
least trace of brushes. ‘The brushes began to be visible in the green, 
about the fixed line E of Fraunhofer. ‘They became more distinct on 
passing into the blue, and were particularly strong about the line F. 
The author was able to trace them almost as far as the line G3; and 
when they were no longer visible the cause appeared to be merely the 
feebleness of the light, not the incapacity of the greater part of the 
violet to produce them. With homogeneous light, the brushes, when 
they were formed at all, were simply darker than the rest of the field, 
and as might have been expected did not appear of a different tint. In 
the blue, where the brushes were most distinct, it appeared to the au- 
thor that they were somewhat shorter than usual. These observations 
account at once for the color of the brushes seen with ordinary daylight. 
Inasmuch as no brushes are seen with the less refrangible colors, and 
the brushes seen with the more refrangible colors consist in the with- 
drawal of a certain quantity of light, the tint of the brushes ought to be 
made up of red, yellow, and perhaps a little green, the yellow predom- 
inating, on account of its greater brightness in the solar spectrum. 
The mixture would give an impure yellow, which is the color observed. 
The blueness of the side patches may be merely the effect of contrast, 
or the cause may be more deeply seated. If the total illumsnation per- 
ceived be independent of the brushes, the light withdrawn from the 
brushes must be found at their sides, which wou!d account, independ- 
ently of contrast, both for the comparative brightwess and for the blue 
tint of the side patches. The observations with homogeneous light ac- 
count likewise for a circumstance with which the author has been struck, 
namely, that the brushes were not visible by candle-light, which is ex- 
plained by the comparative poverty of candle-light in the more refran- 
gible rays. The brushes ought to be rendered visible by absorbing a 
certain quantity of the less refrangible rays, and accordingly the author 
found that a blue glass combined with a Nicols’s prism enabled him to 
see the brushes very distinctly when looking at the flame of a candle. 
The specimen of blue glass which showed them best, which was of a 
tolerably deep color, gave brushes which were decidedly red, and were 
only comparatively dark, so that the difference of tint between the 
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brushes and side patches was far more conspicuous than the differ- 
ence of intensity. This is accounted for by the large quantity of extreme 
red rays which such a glass transmits. ‘That the same glass gave red 
brushes with candle-light and dark brushes with daylight, is accounted 
for by the circumstance that the ratio which the intensity of the trans- 
mitted red rays bears to the intensity of the transmitted blue rays, is far 
larger with caadle-light than with daylight. 


On the Six Climates of France; by Dr. Martins. 


Dr. Martins commenced by stating that France partook of the cli- 
mates both of continental and 3ea-girt countries. He wished at pres- 
ent to consider six climatorial subdivisions, viz.—l. The northeast or 
Vosgien.—2. The northwest or Sequanien.—3. That of the west or 
Armoricain.—4. The southwest or Girondin.—5. The southeast or 
Rhodanien.—6, and finally, the Mediterranean or Provencal climate. 
Upon each of these subdivisions he enlarged; detailing the features 
of the country, the rivers, mountain-ranges, sea-coasts, geological struc- 
ture, differences of level, and state of cultivation in each case, with 
the prevailing and most important features in the actual climate of each. 
Dr. Martins exhibited a map of France with these six regions distin- 
guished. He stated that hitherto the labors of the meteorologists of 
France had no channel of publicity at their command, but that a jour- 
nal devoted exclusively to meteorology was about to be established. 

Mr. Ronalds inquired whether the state of the dew point had been 
attended to in this classification, as in his opinion that was one very 
important element.—Dr. Martins replied that it had been carefully attend- 
ed to.—The Astronomer Royal! inquired whether the difference of cli- 
mate during the day and during the night, that of the summer as distin- 
guished from the winter, had been attended to, as his experience led 
him to know that most important distinctions existed between these.— 
Mr. R. Russell added his testimony to the same effect; and said, that 
in an agricultural point of view mean temperatures were not so im- 
portant as was usually supposed. Along the west coast it was now 
found that the maximum for the summer or ripening portion of the 
year was of much greater importance to the agriculturist than the 
mean.—Sir D. Brewster said that means were not to be neglected, for 
it had been well established that unless the mean rose in the season 
that might be characterized as the vegetating season to at least 58°, it 
was not found to be favorable; but of course he did not mean to say 
that the rising of the mean of the hot season above this, or the falling 
of the cold much below it, were not important and to be attended to. 


On Hourly Meteorological Observations made at Thibet, ai an eleva- 
tion of 18,400 feet; by Lieut. Srracney, R.E. 


Great interest attached to these observations from their having been 
made during twenty-four hours at an elevation so seldom attained by 
man, and quite above the clouds and most ordinary disturbing influen- 
ces, and with a barometer pressure somewhere about fourteen inches of 
mercury. The chief result was that the curves followed very nearly 
the same changes as they were observed to do in the lower regions. 
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Col. Sykes went somewhat into detail regarding these and other ob- 
servations of Lieut. Strachey, in the course of which he stated that 
the formula of Dr. Apjobn for the reduction of the wet and dry bulb 
hygrometers was found to be quite inapplicable to Indian climates ; the 
dry bulb being lowered in its indications by the proximity of the wet, 
and the wet bulb collecting and retaining a wet atmosphere of its own 
whose temperature it gave,—not that which it would attain at the low- 
est were this atmosphere continually removed ; one consequence of 
which was great discrepancy of result according to the part of a room 
in which it was placed.—Lieut Strachey corroborated this, and said he 
had found the numerical coefficients of Mr. Glaisher, which varied with 
the temperature, and which that gentleman had tabulated, much more 
applicable to Indian hygromeiry. 

Col. Sykes then gave a brief account of several storms of hail which 
had occurred in India, collected from various sources by Dr. Buist. 
The weight of some of these masses of ice was over fourteen pounds. 
Many of them under a rough external coat contained clear ice within, 
and with that peculiar radiated structure which he had elsewhere de- 
scribed. Immense aggregated masses of these great hailstones were 
in some places brought down from the mountain ravines by the suc- 
ceeding torrents, and in one of these conglomerations a snake was 
found frozen up and apparently dead, but it soon thawed and revived. 


On the Causes of the Rise of the Isothermal Lines in the Winters of 
the Northern Hemisphere ; by Mr. T. Horxins. 


Mr. Hopkins examined some of the isothermal lines exhibited in the 
maps recently constructed by Prof. Dove, and objected to the theory 
which is put forward to account for the irregular rise of the winter iso- 
thermals in the northern Pacific, Atlantic and Arctic Oceans through 
the warming influence of the water of these oceans. But if neither 
the proportional extent of the surface of the sea, as compared with the 
land, nor the flow of a warm current of water carries high temperature 
to these northern latitudes, what is the cause of such temperature being 
found there? A reply is prepared by Prof. Dove himself, where he 
says,—* This surface,” meaning the surface of the globe, “ being a 
highly varied one, the sun’s influence on it is also constantly varying, 
for the impinging solar heat is employed in raising the temperature of 
substances which do not change their condition of aggregation ;—but 
when engaged in causing the melting of ice or the evaporation of water 
it becomes latent. When, therefore, the sun, returning from its north- 
ern declination, enters the southern signs, the increasing proportions of 
liquid surface upon which it shines cause a corresponding part of its 
heat to become latent, and hence arises the great periodical variation 
in the temperature of the globe which has been noticed above,”— 
meaning the difference of temperature of the northern and southern 
hemispheres. Why suppose that this effect of the evaporation of water 
is experienced only in the relative temperatures of the northern and 
southern hemispheres? And why not trace the effects of condensa- 
tion of vapor, as well as of the evaporation of water? It is evident 
that heat is absorbed and made latent wherever vapor is produced, and 
it is equally clear that this heat is given out and made active wherever 
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the vapor is condensed! It does not appear from the atmospheric cur- 
rents which prevail, that any portion of the vapors of the southero hem- 
isphere passes into the northern, to be condensed within or near to the 
basin of the Pacific, and there is no reason to suppose that it does ;— 
but in the basin of the Atlantic it is sufficiently evident that vapor does 
not so pass. ‘The vapor which passes over the Northern Atlantic, and 
is condensed beyond the British Isles and Norway, is supplied from the 
tropical and other seas north of the equator. ‘The West Indies con- 
stitute the principal point of departure of this vapor, and in the month 
of January it is carried by southwestern and western winds to those lo- 
calities where the isothermal lines advance farthest towards the pole. 
It is accordingly to the condensation of this vapor, and not to the 
neighborhood of the Atlantic Ocean, in the latitude that we are to at- 
tribute the high temperature of this part of the world in the winter. 
The Atlantic Ocean is as near to Labrador as to Norway, but there is 
little condensation on the coast of the former, whilst there is much 
about the latter. Indeed, as far as we know, condensation of vapor is 
the only influence that operates exclusively on the eastern coasts of the 
two oceans, the Pacific and the Atlantic, and therefore to it we may at- 
tribute the warming of the localities, particularly in the Arctic Ocean, 
as indicated by the isothermal lines. Condensation, we know, furnishes 
a constant and abundant supply of heat, not like diffusion by contact, 
nor radiation from surfaces nearly equal in temperature, but by the 
energetic chemical action which converts an aeriform substance into a 
liquid, and consequently changes the heat from a latent to an active 
state. The greatest irregular rise in the isothermal lines is found in the 
winter of the northern hemisphere, just at the time that the condensa- 
tion of vapor produces the greatest effect on the temperature of the 
air; and the temperature rises most along that line or stripe where 
the largest amount of condensation takes place; and in that locality 
the same temperature reaches the highest latitude, showing that con- 
densation of vapor is the cause of the rise of the isothermal lines in 
the parts. 


On the Argument for the Physical Connection of Double Stars, deduced 
Srom the Theory of Probabilities ; by Prof. Forses. 


The author read a passage from Herschel’s ‘ Outlines of Astronomy,’ 
where this argument is set forth. Mitchell, in the year 1767, in a pa- 
per in the Philosophical Transactions, was the first who advanced this 
argument. He calculates the odds as 500,000 to 1 against the stars 
which compose the group of the Pleiades being fortuitously concentra- 
ted within the space they occupy, and thence infers the probability of 
some physical connection between them. Struve has pushed this ar- 
gument much further. In bis classification of double stars he has ap- 
plied it to estimate the improbability of the occurrence of even double 
stars in close proximity. He calculates the odds as 9,570 to | against 
any two stars from the first to the seventh magnitude falling, if fortuit- 
ously scattered, within 4” of one another. ‘The number of such binary 
combinations actually observed at the date of the calculations, was 91, 
and more have since been added to the list. Again, he calculates the 
odds against any two stars of a number fortuitously scattered, falling 
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within 32” of a third, so as to forma triple star, as not less than 
173,000 to 1, while four such triple stars were known to exist. The 
conclusion, adds Sir John Herschel, of a physical connection of some 
kind or other is, therefore, unavoidable. Against the principle of this 
argument, Prof. Forbes, though with much diffidence, felt himself cal- 
led on to protest. He owned he could not attach any idea to what 
would be the distribution of stars, or of any thing else if * fortui- 
tously scattered,” and therefore he must regard with hesitation, if not 
doubt, an attempt to assign a numerical value to the antecedent proba- 
bility of any given arrangement or grouping whatever. ‘To him it ap- 
peared that an equable spacing of the stars over the sky would seem 
to be far more inconsistent with a total absence of law or principle than 
the existence of spaces of comparative condensation, including binary 
or even more numerous groups, as well as regions of great paucity of 
stars. As an illustration of this, he adduced the representation of 
stars and their grouping by sprinkling viscid white paint from a coarse 
brush upon a dark ground; by which, although it was impossible to 
conceive a nearer approach to “‘ random scattering,” yet he had witnes- 
sed the production by it of an artificial galaxy, presenting every variety 
of grouping with double and triple poinis innumerable; nor could he 
conceive how on any reasonable theory of chance it should be oth- 
erwise. 
On Cometary Physics; by Prof. Smyru. 


The author said that points in the Physics of Comets which he had 
intended to bring in detail under the notice of the Section, might be 
comprehended in the twelve following axioms or aphorisms—viz. 1. A 
comet consists of a nucleus and one or more gaseous envelops. 2. 
The nucleus if solid and material is extremely small. 3. This nucleus 
is excentrically situated in the gaseous envelop. 4. Comets of longest 
periods have the largest bodies. 5. The more excentric the orbit of a 
comet the more excentric is the body of the comet. 6. A comet re- 
volves round its shortest nucleoid axis in the time it revolves round the 
sun. 7. This axis is not always at right angles to the plane of the orbit. 
8. There is also a quicker rotation round its longer axis. 9. A comet 
shines by reflected light, and shows a sensible phase. 10. In prepor- 
tion to the excentricity of its orbit a comet increases in density, and 
decreases in size in approaching perihelion, and vice versd. 11. The 
longer axis of a comet is straight at perihelion and aphelion; but be- 
tween these is concave towards the aphelion, the curvature being nearly 
proportioned to the excentricity of the orbit. 12. (Sir J. Herschel.) 
The component molecules of a comet are held together only by their 
mutual gravitation, each constituting almost a separate projectile, and 
describing its own orbit round the sun.—-In consequence of the great 
press of business before the Section the author confined himself to the 
illustration of the 9th and 10th of these axioms in connection with the 
12th,—showing by diagrams, how the changing appearances both of 
the head, the nucleus, and the tail, as it swept past perihelion, and par- 
ticularly the forking observed in the tails of some comets, were simple 
effects of phase arising from the changing relative position of the illu- 
minating sun, the comet and the observer. The 10th he illustrated by 
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showing that towards perihelion the several parabolic paths of the parts 
of the comet, by becoming crowded together, caused the condensation of 
the comet, while the contrary took place by the separation of these sev- 
eral orbits towards aphelion. ‘The author exemplified these principles 
by reference to the great comet of 1845, which, though visible tu the 
naked eye for about three weeks, and to the telescope for more than 
five, yet in the very short time of less than twenty-four hours swept 
through that part of its perihelion path cut off by a plane through the 
sun parallel to the ecliptic, having approached within about 60,000 
miles of the sun :—the nearest approach to that luminary ever actually 
observed. 

Mr. Rankine observed, that if the 12th axiom (attributed to Sir J. 
Herschel) were a correct representation of facts, he conceived that it 
would follow that the tail of a comet, which was known to be turned 
straight from the sun at perihelion, must be turned straight towards the 
sun at aphelion; and at other parts of the orbit must have intermediate 
positions. This he proceeded to illustrate by a diagram, in whicha 
number of ellipses with the same major axis were so arranged, respect- 
ing the sun occupying a focus common to ali, as that their perihelia 
might all be ranged in one line, embracing the sun also.—Prof. Smyth 
did not concur in Mr. Rankine’s argument; though time would not 
now admit of his going farther into it than to remark, that in the his- 
tory of comets no fact was better established than that their tails were 
always turned, though with a slight curvature, directly from the sun; 
that this fact was well known to Sir J. Herschel, and was one basis of 
his induction. 


On a new Membrane investing the Crystalline Lens; by Sir D. 
BREWSTER. 


The author drew a diagram representing the crystalline lens of an ox 
with its inverted capsule ; and said that having lately had occasion to 
examine the crystalline lens of an ox, which had been killed the day 
before, he had put it into water,—by imbibing which it had soon swell- 
ed, and at length the capsule burst. Before it had burst, however, he 
had observed distinctly a membrane not before recognized by anato- 
mists, which had at one part detached itself from the body of the lens 
which it manifestly invested, and risen up within and towards the cap- 
sule at one spot. 


On some Phenomena of the Polarization of the Almosphere; by Sir 
D. Brewster. 


The author stated that by the aid of a polariscope, which he had 
formerly described, formed with two wedges of rock crystal cut ina 
peculiar way, he was enabled to determine, by an examination of the 
parallel bands, the neutral points of the sky, and the plane of polariza- 
tion. This he illustrated by a diagram; and added, that he had now 
convinced himself that not only was the light from the blue sky polarized 
by reflection in one plane, but under certain circumstances the refrac- 
tion caused by some of the clouds polarized the light in quite a differ- 
ent plane; and he had actually in this instrument observed clouds by 
the action they exerted on the light, which were quite imperceptible to 
the eye unassisted by it. 
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Prof. Stokes observed that heretofore it had been universally sup- 

posed that the clouds always exerted a depolarizing action on the light 
which they reflected or transmitted to the eye. 


On the Dynactinometer ; by Mr. Ciavuper. 


In the introductory portion, the author insisted on the very great im- 
portance of distinguishing between the optical foci of the lenses used 
in photographic cameras and the foci of the photogenic rays. He 
said that ignorance of this distinction, or inattention to it, was the 
source of one of the greatest defects in photographic pictures. He 
had invented a simple instrument, which was exhibited and explain- 
ed, for accurately distancing the object to be depicted and determining 
the corresponding foci of the photogenic rays in any given camera. It 
consisted of a number of marked sectors arranged in a spiral order at 
several equal distances along a cylinder supported in a frame. By 
placing this before a photographic camera, the sector of which the 
image was most distinct could be at once seen, and this determined the 
distance at which the object should be placed in front of the camera. 
Since he had invented this, he had found that there was a proper time 
for exposing an object on a given day, and under given circumstances, 
before the camera; and that a longer or shorter time than this was 
injurious to the effect. ‘To ascertain readily this proper time, he had 
invented the dynactinometer, which he now exhibited. It consisted of 
a square frame of card, with a circle of card capable of being turned 
round either by hand or by clock-work ; in one position of this circle, the 
whole surface of the frame exposed to the camera at the proper photo- 
genic distance was black; but as the circle turned, a neatly divided 
sector of white card was exposed, and by causing the circle to turn so 
as to expose a given number of divisions each successive equal num- 
ber of seconds, the part of the sector whose image was most clearly 
defined on examination of the photogenic drawing, gave the number of 
seconds best for exposing the object to the camera. But as the several 
photogenic plates were not equally sensitive, the sensitiveness of the plates 
was determined by placing them in a small frame, and allowing them to 
descend along an inclined plane, during a certain part of which descent 
small circular spots were exposed to the action of light, the rest being 
quite protected. ‘The action of the light on these spots gave a ready and 
exact means of comparing the sensitiveness of the several plates. 


Attempt to explain the occasional distinct vision of rapidly revolving 
colored sectors; by Prof. STEVELLY. 


He exhibited an instrument for whirling cards with colored sectors 
on them, devised by Mr. Grattan, of Belfast, to teach his children the 
effect of combining colors. He had shown this at the Natural History 
Society with an application for enabling painters to determine, experi- 
mentally, the exact mixture of any number of colors, and their relative 
proportion to produce the exact effect which they required. This 
apparatus he had lent to Prof. Stevelly to show his class; and while 
doing so, he was surprised to observe that while the cards were revolving 
rapidly, if he suddenly turned away his head he caught a distinct view 
of the individual colored sectors at the instant he was losing sight of 
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them by a side view. A few weeks before this, he had attended the 
lectures of Prof. Carlile, of the Queen’s College, Belfast, on the anat- 
omy of the eye and of the ear; and had then become acquainted 
with a fact connected with the arrangement of the optic nerves and 
their relation to the retina, which seemed to him to afford an explana- 
tion of this curious fact. ‘The optic nerve which originated in the right 
side of the brain, crossed over to the left eye, but on entering that eye- 
ball only spread out into that part of the retina which spread over the 
portion of the eyeball next the nose, and the similar portion of the re- 
tina of the right eye was supplied by the optic nerve which sprang 
from the left side of the brain. ‘These nerves, however, were united 
in their action by a commissure nerve, which stretched in an arch 
from one to the other. The other and larger portion of the retina of 
each eye, and that on which the images of objects as usually seen were 
depicted, was formed by nerves which sprang from the brain in each 
case on the side next the eye to which they went; these, after accom- 
panying the optic nerve of the other eye to the place where it crossed 
the optic nerve going to its own eye, turned round with a bend and ac- 
companied it in its passage into the eyeball. ‘These portions of the re- 
tina of the different eyes were also united into one nervous action by 
the ‘commissure of the retina.” So that, the retina of each eye was 
divided into two portions,—the portion next the nose, and the outer 
and larger portion; and these two portions of each eye were supplied 
by nerves springing from opposite sides of the brain, and not united in 
their action by any commissure or connecting nerve. Now, the con- 
sequence of the sudden turn of the head was, to throw the image from 
its usual place on to the portion of the retina next the nose, affecting a 
new and fresh part of the retina for an instant only,—for the motion 
of the head instantly interposed the socket of the eye and shut off the 
object. The sectors therefore became distinct at that instant, for a sim- 
ilar reason that in the beautiful experiment of Prof. Wheatstone the 
electric spark showed them distinct,—namely, the instantaneousness of 
the impression. 


The following are the titles of other memoirs presented to the Sec- 
tion of Mathematical and Physical Science.— 

Report on the observations and experiments at the Kew Observatory; by F. 
RonaALps., 

Report on Luminous Meteors; by the Rev. B. Powetr. 

On the Laws of Elasticity of Solids; by W. J. Macquorn Rankrve. 

Notice of the working of the new Integrating Anemometer during the past year; 
by Mr. Oster. 

On Magnetic Forces; by Mr. J. A. Broun. 

On the construction of the Silk Suspension Threads for the Declination Magne 
tometer; by Mr. J. A. Broun. 

On the Mechanical Compensations for the effect of Temperature on the Bifilar 
and Balance Magnets; by Mr. J. A. Broun. 

On some Phenomena of Mirage on the east Coast of Forfarshire; by Rev. C. F. 
Lyon. 

Experiments on the Expansion of Glass, Woods, and Metals from changes of Tem- 
perature ; by Mr. Roserrs. 

Report of the committee on the Instruments for the measurement of earthquake 
waves ; by Mr. 

Report on the Meteorology of the Azores; by Mr. J. C. He 
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Report on the effect of a stroke of lightning on a tree near Edinburgh; by Prof. 
PHILLIPS. 

On the climate of the valley of the Nile; by Mr. T. 8. Wetts. 

On the means of computing the quantities of Aqueous vapor in the Atmosphere 
at various places and heights; by Mr. T. Hopxrys. 

On the daily formation of Clouds at Makerstoun; by Mr. T. Hopkins. 

On the passage of Storms across the British Islands ; by Mr. R. Russext. 

On remarkable Thermometrical Maxima at or near the Moon’s first quarter, from 
1839 to 1850; by Mr. R. Epmonps. 

On some extraordin wry electrical appearances observed at Manchester on the 16th 
of July, 1850 ; by Mr. P. Crarke. 

On Meteorological Phenomena at Huggate, Yorkshire; by Rev. T. Rankrve. 

On Isoclinal Magnetic Lines in Yorkshire by Prof. 

On a question of Probabilities which occur in the use of a fixed collimator for 
the verification of the constancy of Position of an Azimuth Circle; by Prof. Amy. 
On the Lunar Surface, and its relation to that of the Earth; by Mr. Nasmyru. 

On a Tissue woven by Caterpillars; by J. Dennistown. 

On a new solid Eye piece ; by the Rev. a. B. Ri ADE, 

On Polygons inscribed on a Surface of the Second order; by Sir W. R. Hamuxton. 

On the Theory of Magnetic Induction; by Prof. Tuomson. 

On the reduced observations for six years of the Winds in the regions of Glasgow ; 
by Prof. Nicot. 

“On some powerful Magnets made by a process devised by M. Elias, and manufac- 
tured by M. Logeman, optician, at Haerlem; by Sir D, Brewster. 

On the Optical Properties of Cyanuret of Magnesia and Platina; by Sir D. 
BREWSTER. 

On a Geometrical Rotation between Ten Points, on a surface of the second order ; 
by Sir W. R. Hamirtron. 

On the mode of Disappearance of Newton's Rings in passing the Angle of total 
internal Reflexion; by Prof G. G. Sroxes. 

On the Distribution of Shooting Stars in the Interplanetary Spaces; by Mr. H. 
Henessy. 

On Electrical Figures of Dust on Plate Glass; by Mr. J. A. Broun. 

Magnetic Chart, exhibited by Mr. Beswick. 


Section B.—CuHeEmMistry, INCLUDING ITS APPLICATIONS TO AGRICUL- 
TURE AND THE ARTS. 


On the per-centage of Nitrogen as an Index to the nutritive Value of 
Food; by Dr. A. VoEtcKer. 

The object of this paper was to show, that the usual estimation of 
the nutritive qualities of an article of food is frequently attended with 
inaccuracies, which renders it desirable to modify our present methods 
in this respect in many cases. A circumstance which leads to con- 
siderable error is, the presence of ammoniacal salts in the juices of 
plants. In order to prove experimentally the presence of ammoniacal 
salts in larger quantities than hitherto suspected, and to avoid the objec- 
tion that they might result from a partial decomposition of albuminous 
substances during the analysis, the author chose fungi for his experi- 
ments, which are rich in nitrogen and known as being highly nutritious. 
The species used was Agaricus prunellus, a species which is edible, 
and remarkable for forming most beautiful fairy rings. After having 
separated all soluble proteine compounds by means of basic acetate of 
lead, which re-agent throws down these completely, the amount of ni- 
trogen still present in the juice of these agarics, in the form of ammo- 
niacal salts, was found to be 0-204 per cent. for the fresh fungi, or 


182 per cent. for the dry fungi. The whole amount of nitrogen in 
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the same agarics, collected at the same time, determined by combustion, 
was found to be 0-74 per cent. for the fresh fungi, or 6°61 per cent. for 
the fungi dried at 212° F. Deducting from the last stated numbers the 
quantity of nitrogen found to exist in the juice in the form of ammonia, we 
find that only 0°536 per cent. of nitrogen in the fresh, or 4-799 per cent. 
of nitrogen in the dry fungi, exists in the state of prote ine compounds, 
and that nearly one third of the nitrogen obtained by direct combustion 
exists in the form of ammonia in the } juice, or at all events in a form in 
which the nitrogen adds nothing to the nutritive value of the fungi. 
The nutritive value of the fungi “hi is thus been overrated considerably ; : 
and there can be little doubt that the same is the case of many vegeta- 
bles, which according to the author’s experiments contain sometimes 
considerable quantities of ammonia in the form of ammoniacal salts. 
Dr. Christison remarked that he had long been convinced that there 
was a considerable fallacy in the methods of determining the value of 
nitrogen, and he hoped Dr. Voelcker’s communication would give in- 
quiry a more satisfactory direction.--Dr. Daubeny made some ob- 
servations on this paper; and particularly noticed the researches of 
Prof. Hoffman on the substitution of ammonia, or of its elements, for 
carbon, which it appeared to him pointed to some laws in connection 
with the process of assimilation of nitrogenous materials by growing 
vegetables.--Dr. R. D. Thomson offered some objections to the recep- 
tion of the doctrine that nitrogen was the principal source of nutrition, 
since it is found that blood and the other animal constituents contain 
many other substances.-—-Dr. L. Playfair was pleased that Dr. Voelcker 
had pointed out a source of error in the determination of nitrogen. 
Having been engaged in examining the dietaries of a large number of 
extensive establishments, he should lay the results before the Meeting. 


On a peculiar form produced in a Diamond when under the influence of 
the Voltaic Arc; by J. P. Gassior. 


M. Jaquelin was the first to show that when the diamond is submitted 
to the high temperature and influence of the voltaic are, it quickly be- 
comes converted into a black carbonaceous matter having all the ap- 
pearance of coke :—the diamond when in a native state is an insulator 
or non-conductor of electricity, but when thus changed into coke it be- 
comes an excellent conductor. At the Chemical Section of ihe British 
Association, held at Oxford, in 1847, Dr. Faraday exhibited some speci- 
mens of the diamond coke which had been forwarded to him by M. 
Jaquelin, and subsequently, on the 16th of June, 1848, he publicly 
showed the experiment in London, in the theatre of the Royal Institu- 
tion. On repeating the experiment a short time since before a few 
friends, I obtained a product so totally different from that of M. Jaquelin, 
that | am induced to bring the subje ct before this Section, in the an- 
ticipation that it may tend to elicit some observations on a phenome- 
non which at the time attracted the attention of many electricians. 
The apparatus | used in the experiment consisted of forty series of the 
usual size of Grove’s nitric acid battery; the terminals were made 
from two pieces of well burnt box-wood charcoal, that attached to the 
positive or platinum end of the battery being formed in the shape of a 
small cup or crucible, in which the diamond was placed ; to the nega- 
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tive or zinc end of the battery, a piece of the same charcoal (but point- 
ed) was attached. ‘The experiment was then made in the same form 
as described by M. Jaquelin, by first making contact with the two char- 
coal terminals, then bringing the flame in such a position as to cause it 
to surround the diamond ;-—in less than one minute, the diamond as 
well as the electrode became in a state of intense ignition. The dia- 
mond gradually increased in size, rolling about in the heated crucible ; 
when it suddenly expanded, forcing itself upwards on the negative ter- 
minal, at which moment I separated the electrodes. ‘The diamond, 
which was in a state of intense ignition, remained attached to the neg- 
ative terminal. When cool it exhibited the same state as it now pre- 
sents. It was expanded to eight or ten times its original bulk. Instead 
of becoming a black carbonaceous substance, and a good conductor, it 
has a vitreous white opaque appearance, and remains a non-conductor. 
It has also a deep circular cavity on that portion which was opposite and 
nearest to the positive electrode ; that part which was in contact with 
the negative electrode being clearly discernible by a small portion of the 
box-wood charcoal remaining attached to it. The centre of the cavity 
appears to be still brilliant, as if that portion of the diamond had not 
been in a complete state of fusion. In one or two other experiments 
the diamonds disintegrated, the fragments remaining in a carbonaceous 
state. Since which I have not had an opportunity of repeating the ex- 
periment. 


Report on the present Siate of our Knowle dge of the Chemical Action 
of the Solar Radiations ; by Mr. R. Hunr. 


In this report the author gave an historical sketch of the progress of 
inquiry on this subject, from the period when Scheele first observed 
that the chlorid of silver was blackened much more speedily by the 
rays at the blue end of the spectrum than by those at the least refran- 
gible, or red end, to the announcement of the discovery of the sensi- 
bility of the iodized tablets to the solar influences by Daguerre and the 
discovery of the action of gallic acid in the Calotype process by Mr. 
Fox Talbot. He then proceeded to show the extent of knowledge we 
had obtained as to the peculiarities of the phenomena, which may be 
summed up as follows. ‘The chemical action of the sun’s rays is proved, 
by its influence on organic and inorganic bodies, to extend over all the 
luminous rays of the prismatic spectrum—and slightly beyond them at 
the least refrangible end, and considerably beyond them at the most re- 
frangible extremity. Living organisms and the products of organic life 
appear to be influenced by light—the luminous power—as distinguished 
from the purely che mical or calorific powers. The vitality of plants 
is stimulated by light; and although many functions are performed in 
the absence of luminous radiations, they all appear to be quickened by 
its exciting powers; at the same time we have evidence to show that 
the chemical principle is necessary to the processes of assimilation, and 
consequentiy to the production of many of the proximate constituents 
of plants. The author is of opinion—though he regards the subject as 
open to serious inquiry-—that the processes of germination and budding 
are essentially influenced by the chemical principle, Actinism :—that 
the decomposition of carbon is peculiarly due to the luminous principle ; 
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and hence that the formation of wood in plants is a function of their 
vitality excited by Light :—that the development of the flower is due 
to a delicate balance of the forces, Actinism and Light, since we find 
that both the luminous and chemical agencies are very active during 
the process, and that the ripening of fruit and the perfecting of the 
healthful conditions of the seed are due to a combination of the calorific 
and chemical forces—as evidenced in the so-called parathermic rays, 
--many of the properties of which have been examined by Sir John 
Herschel and Mrs. Somerville. Returning to the consideration of the 
influence of the solar rays upon inorganic bodies, the author thought it 
established beyond a doubt—Ist. That the maximum of chemical 
(actinic) phenomena was to be found where there was the least quan- 
tity of light and heat.—-2. That as the luminous power increased— 
either in the spectrum or in natural phenomena—the chemical (actinic 
power) diminished, until it came to its minimum, where light—!uminous 
power—existed at its maximum.—3d. That although the chemical influ- 
ence extended to the red or heat-giving rays, its operations were mate- 
rially modified, and to all appearance changed, by the combined opera- 
tion of the calorific power, and that results standing in direct opposi- 
tion to those obtained by the pure chemical rays were given by the 
chemico-calorific rays. In conclusion, the author pointed out the wide 
field for investigation which was opening to the experimentalist, and 
he showed that, although much had been achieved by the experi- 
ments already undertaken, there yet remained an extensive ground 
for inquiry which may be considered as absolutely unbroken :—chemi- 
cal action, vital power, electrical phenomena and phcsphorescence 
were proved to be directly dependent on the solar influences; but we 
yet want the researches which shall satisfactorily show whether these 
phenomena are due to one great principle modified by the matter on 
which it acts, or whether they result from the operation of forces com- 
bined in action, although very different in their resulting effects. 


New Researches on the Conductibility of the Earth; by Prof. 
Martrevccl. 


Although the good conducting power of the earth is at present gen- 
erally admitted and is advantageously applied to the construction of elec- 
tric telegraphs, it must be confessed that nothing has been hitherto known 
of the laws and theory of this singular phenomenon. In England, 
Germany, and Russia, it has been found advisable, for several years 
past, to form the telegraphic circuit partly with the earth and partly 
with the metallic wire, instead of forming the whole circuit with me- 
tallic wire only. 1 was, | believe, the first to show, by exact experi- 
ments made in 1844 at Pisa, and by others performed according to my 


»yropositions at the Scientific Congress of Milan, that the resistance of 
pro} g 


the earth to the passage of the electrical current, which is sensible in 
short distances, ceases to increase and remains constant when the dis- 
tance between the electrodes plunged in the earth has attained a certain 
length. Having laterally renewed my studies on this subject, I have 
confirmed and extended in a complete and general manner the conclu- 
sions drawn from my former researches; I have also demonstrated the 
principal result, given above, by different experimental processes. | 
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have compared the resistance of a mixed telegraphic circuit with that 
of an entirely metallic circuit, containing a length of wire twice as 
great as that employed in a mixed circuit. 1 have also formed metallic 
circuits of very fine brass wires, having the same resistance as the 
metallic portion of the very long mixed telegraphic circuit; and finally, 
by making use of long metal wires covered with gutta percha, I have 
been able to compare the resistance of an entirely metallic circuit with 
that of a mixed circuit, in which the metallic portion remained con- 
stantly the same, and to which were added different lengths of earth. 
The following are the principal conclusions drawn from experiments 
which have occupied me for about a year.—-The resistance of a layer 
of earth to the passage of the electrical current varies according to 
the quantity of water contained in the earth of which it is composed, 
—-according to the specific gravity of that earth,—according to its depth 
beneath the surface,—according to the nature of the electrodes and ex- 
tent of their surface. This resistance does not increase with the in- 
creased length of the layer of earth; on the contrary, beyond a cer- 
tain limit of length, which varies according to the different circum- 
stances just indicated, but which in all cases is of little extent, the re- 
sistance of a layer of earth remains constant whatever be its length. 
It is unnecessary to say that I could not prove this fact by experiment 
on circuits exceeding eighty miles in length, such being the average 
of the telegraphic circuits in Tuscany. In making the experiment 
near the surface of the soil, it is difficult to plunge the electrodes in 
earth of exactly the same conducting power; different portions of the 
surface of soil possessing either better or worse conductibility than that 
on which I began to operate, it follows that in increasing the distance 
between the electrodes we may find either an increase or diminution in 
the resistance of the earth. Likewise, in operating on a long mixed 
telegraphic circuit, which is not perfectly isolated, owing to the effect 
of the different derived circuits formed between the posts and the earth, 
the electric current is stronger near the piles than ata distance, and 
stronger than in a circuit which is formed only of metal wire equal in 
length to that which enters into the mixed circuit. This explains the 
results which I had obtained from my former uncompleted experiments. 
The resistance of a layer of earth appears to diminish as its length in- 
creases only in cases where we meet with other layers of better conduct- 
ing power. In every layer of earth of a certain constant conducting 
power, the resistance which at first increases very feebly with the in- 
creased length of the layer, becomes very soon constant, and continues the 
same for all the subsequent lengths, however great, on which experiments 
have been made. Now, it is evident that as the increase of resistance 
in a long metallic circuit is scarcely perceptible when we add to the 
circuit, by means of two large electrodes, a thin stratum of water; so 
we ought to find in the long mixed telegraphic circuits that the resist- 
ance of the earth is null or nearly so, since it is equal to that of a thin 
stratum of water of a very large section. The law of the conducting 
power of the earth being established, it remains to give the theory of 
this phenomenon. ‘The opinion of the scientific world is divided on 
this point. Some explain the good conducting power of the earth by 
the almost infinite section of the earth compared with the distance of 
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the electrodes; others, again suppose that the electricities at the ex- 
tremities of the pile are dissipated in the earth, in the same manner as 
the electricity of the conductor of an electrical machine. This second 
explanation, will not bear the slightest examination, nor can it be made to 
tally with the results of the most elementary experiments relative to the 
conducting power of the earth. In fact, we cannot on this suppositicn ex- 
plain why the resistance of the earth increases at first with the length of 
the layer; why it varies with the depth and the degree of moisture of that 
layer; why it changes if the mass of earth interposed between the two 
electrodes happen to decrease or to be wanting, as | have proved by ex- 
periments made in mountainous districts ; why the interposition of a por- 
tion of earth of a different conducting power produces a variation in the 
resistance of the entire mass; why this resistance becomes infinitely 
greater when we keep this layer in a wooden trough separate from the 
earth, but in communication with it by means of large metallic plates. 
Finally, according to this explanation, the resistance of the metallie part 
of a mixed circuit ought to disappear,—a thing which never happens. | 
think that I may be able to give a satisfactory explanation of the good con- 
ducting power of the earth, founding my assertions on very simple ex- 
periments and on theoretical views already known. As long ago as 1837, 
I proved in a memoir published in the Annales de Physique et de Chimie, 
that in operating on a certain liquid mass, very considerable compared 
with the distance of the electrodes plunged in it, the length of the inter- 
mediate liquid stratum has no sensible influence on the intensity of the 
current. I have recently verified this result on a very large scale. | 
had a wooden case made seven metres in the side. I keep this case 
isolated from the earth, and filled with water. Operating on this mass 
of water, we find that the resistance of a certain stratum of water, 
variable within certain limits, is independent of its length. in like 
manner, in studying the conducting power of spherical masses of water 
varying in diameter from 2°™ to 30 or 40°™, I have found that the 
resistance of these spherical masses of water was the same, and inde- 
pendent of their diameter. I have already said that this result may be 
deduced from the theory, and this is done as follows :—From the same 
differential equations given first of all by Fourier in his celebrated 
theory of heat, and which Ohm has applied to electricity, suppressing 
in the latter case the terms which expressed the dispersion of heat in 
the air, are deduced in the case of the sphere the results which I have 
obtained by experiments on the propagation of electricity in the earth. 
Although we are as yet ignorant of the physical value of that variable U 
which figures in the fundamental equation of Ohm at three partial differ- 
entials, which is the same as that of Fourier in the propagation of heat, 
and although that equation would really be more applicable to the case of 
the metallic wire which communicates at one extremity with the con- 
ductor of an electrical machine in action, and at the other extremity with 
the earth, than to the case of the electrical current defined by its electro- 
chemical, and electro-magnetical action ; it is no less true that a certain 
number of the phenomena of the electrical circuit are explained by 
representing the propagation of the electrical current by the same equa- 
tion given by Fourier in his theory of heat. Among these phenomena, 
may be placed the fundamental law of the propagation of electricity 
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in metallic wires according to their section and length, and the other 
more general cases of the propagation of the electrical current, and 
of derivation, in large metallic plates, or in spherical masses and in 
the earth, such as they have been found by MM. Kirchhoff and Smaaeen 
in Germany, and in Italy by my friends Ridolfi and Felici. 


The reading of the communication from Prof. Matteucci led to a con- 
versation on the various methods employed by the Electric Telegraph 
Company and others, and on the question of the investigations of Messrs. 
Bain and Wheatstone in England, and several experimentualists on the 
continent prior to these investigations of M. Matteucci as to the power 
of the earth to conduct electricity.—Mr. R. Hunt explained that in 
speaking of the conductibility of the earth it should be distinctly un- 
derstood that the water contained in the superficial stratum is the con- 
ducting medium ; since he has proved that non-metalliferous rocks and 
dry earth will not conduct an electric current. 


On the Sugar Produce of the South of Spain, chiefly in connection with 
the employment of the Acetate of Lead and Sulphurous Acid as pu- 
rifying agents ; by Dr. Scorrern. 

On the southern coast of Spain, in a region limited by Almeria on 
the east and Malaga on the west, bounded on the north by mountain 
ranges and on the south by the Mediterranean, is a tract of land which, 
so far as its climate and productions are concerned, may be aptly de- 
nominated tropical. In it, the date, palm, indigo, cotton, and sugar-cane 
flourish with vigor, yielding products equal both in quantity and quality 
to those of the tropics themselves. The sugar-cane, first introduced by 
the Arab conquerors, is not only consumed in large quantities as a des- 
sert, but also gives rise to a considerable manufacture of raw and re- 
fined sugar, a circumstance which beyond Spain itself seems to be very 
litle known. ‘There is perhaps no example on record of any operation 
involving a commercial result attended with such an enormous destruc- 
tion of materials as the operation of extracting sugar from the cane. 
One portion of this loss is due to mechanical, another to chemical 
causes. The sugar-cane has been stated by most writers who have 
found opportunities of practically examining the subject to contain no 
more than 10 per cent. of solid non-saccharine matter, leaving 90 per 
cent. of juice to be extracted. Of this 90 per cent., most writers con- 
cur in testifying that in practice scarcely 50 per cent. are actually ob- 
tained; at least in the British West India possessions. Cane juice itself 
has usually been stated to contain from 17 to 23 per cent. of crystalline 
sugar, of which scarcely 7 per cent. in practice is actually extracted. 
Considerable doubts having been expressed as to these statements of 
the amount of juice in the cane, and sugar in the juice, I have lately 
gone through a series of experiments having for their object the settle- 
ment of the doubt, and with the result of amply confirming the testimo- 
ny of other experimenters. Having operated on canes from various 
parts of this district, by slicing them, exhausting first by hot water 
and then by hot alcohol, and finally drying, | obtained as my mean re- 
sult about 10 per cent. of woody or insoluble matter; whilst the sugar 
extracted and crystallized ranged from 17 to 23 per cent., as had previ- 
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ously been stated. It would consequently appear that 40 per cent. of 
juice is actually lost in the practice of our West India workings ; and 
now arises, as a most important consideration, the question as to what 
extent this loss is inevitable, and to what extent it might have been ob- 
viated by altered machinery or improved manipulation. Instead of 50 
per cent. of juice extracted, 70 percent. is much nearer the average 
amount yielded by the sugar-mills of this coast, although occasionally 
the result is as high as 75 per cent., and this, in some cases, with mills 
of very inferior construction. The cane, however, is passed between 
the rollers of the mill four times, until the refuse or megass, as the 
pressed cane is called, has been reduced to a state of disaggregation 
resembling ground tan, whereas the West India cane refuse is repre- 
sented to be in the form of long strings, a sufficient proof that the pres- 
sure applied has been very inadequate. After the cane has finally left 
the mill, it is immediately, in the Spanish sugar regions, subjected to the 
operation of pressing, sometimes by the agency of a screw, but in 
many cases by hydrostatic force. By the latter method, | have seen 13 
per cent. of juice extracted from megass which had already yielded up 
73 per cent. of juice to the mill, thus elevating the toial quanuty extracted 
to 86 per cent. out of the criginal 90, and consequently as a manufac- 
turing operation leaving very little more to be desired. The hydrostatic 
press | consider to be an apparatus which is indispensable to the econo- 
my of every sugar estate :—not only does it largely contribute to the 
amount of juice extracted,—but what is most remarkable, the juice 
resulting from hydrostatic pressure of megass is invariably, so far as 
my observations have gone, richer in sugar than juice yielded by the 
mill,—a fact which seems to be only explicable on the supposition that 
the hydrostatic press in virtue of its great power is enabled to extrude 
those particles of sugar which microscopic examination demonstrates to 
exist in the cane in the solid and crystalline form. The subsequent 
stages of the sugar manufacture as carried on in Spain do not materi- 
ally differ from those in operation in Cuba, and many other tropical 
countries. The juice is defecated or purified by lime, skimmed, evap- 
orated to the requisite degree, and poured into earthen ware moulds, the 
contents of which are finally exposed to the operation of claying. In 
one manufactory, however, witnessed by me at Almunecar, lime is no 
longer used on account of its well-known injurious effects on sugar :— 
no other agent having been substituted in its stead, but sole reliance 
being placed on the coagulation by heat of albuminous matters present 
in the juice, and their final removal by skimming. Under this system 
of manufacture, the sugar produced is light colored, but badly grained, 
and the unseparated albuminous matters are present in such quantity 
that every 100 parts of the concentrated saccharine juice as it comes 
from the teache, or last evaporating pan, yield only 40 parts of crystal- 
lized sugar on cooling, the other 60 per cent. remaining in the condition 
of molasses perfectly uncrystallizable until some adequate means for 
defecation be had recourse to. The chief object of my residence 
in this sugar district was to superintend the erection of machinery for 
manufacturing sugar by means of my own process. The site of our 
operations is Montril, about forty-five miles south of Granada, in a 
manufactory furnished with apparatus of the rudest character. Up to 
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this period (July 9) our own vacuum apparatus has not been sufficient- 
ly advanced to enable us to pursue our operations by its aid; neverthe- 
less, owing to the superior defecating power of the subacetate of lead, 
we have, even with the old and rude machinery, obtained a result of 
more than 10 instead of 7 per cent. of sugar. Our striking teaches, or 
final evaporating paus, we were under the necessity of removing in 
order to afford the requisite space for our own machinery ; hence we 
were reduced to the necessity of concluding our process of concentra- 
tion in a brass pan of conical form and holding about 600 imperial 
gallons, thus material!y increasing the difficulty of the evaporative pro- 
cess. Hitherto only one-sixth per cent. on the juice of sub-acetate has 
been used,—but | imagine the quantity may be advantageously increas- 
ed. As filtration is indispensable for the conducting of this process, 
considerable fear was evtertained lest fermentation might supervene. 
This fear, however, practice has demonstrated to be groundless, inas- 
much as we possess in sulphurous acid an agent most antagonistic to 
fermentation. Another speculative fear was lest danger might arise 
from the lead employed: this fear, too, practice demonstrates to be en- 
tirely without foundation, for not only is the sulphite of lead most easily 
removed,—but even were it to remain no injury could supervene, inas- 
much as this agent is as harmless as chalk. 


In continuation :——Observations on the Sulphite of Lead were made 
by Dr. Grecory,—-who stated that he had made experiments on the 
sulphite of lead formed in this process. He admitted that an infinitely 
small portion might still remain in the sugar, but that he considered it 
quite innocuous. He had indeed fed rabbits and dogs with food which 
had been united with this sulphite of lead, and the result was that they 
thrived amazingly, showing no symptom of any of the known effects 
of lead. Dr. Gregory also remarked that in testing sugar for lead 
with the hydro-sulphuret of ammonia, iron was often mistaken for the 
former metal. 

Dr. Curistison contended that we had no evidence that the sulphite 
of lead was innocuous. It was true that in case of poisoning by car- 
bonate of lead sulphuric acid was administered to convert it into the 
comparatively insoluble sulphate ; but this was a case widely different 
from the slow accumulation of lead upon the system. Dr. Christison 
adduced some examples of exceedingly small doses of lead being taken 
in water for more than twelve months before its evil effects became ap- 
parent. He, therefore, thought it yet remained to be proved that the 
sulphite of lead was without action on the system, since we know 
nothing of the influences of the solvents it would meet with in the system, 
or of the influences of vital action. Rabbits, he was prepared to say, 
should be entirely rejected in these inquiries, since he had found that 
they were not affected by many poisons. Dogs and cats were the only 
animals which could, from their internal structure, be regarded as the 
representatives of the human system in these investigations. 

On the Air and Water in Towns, and the action of Porous Strata on 
Water and Organic Matter ; by Dr. R. A. Situ. 


It is a matter of great importance to find from what source it is best 
to obtain water for large towns, and how it is to be collected. ‘To these 
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points Dr. Smith particularly directs attention. Regarding the condi- 
tions of many springs, which never become muddy, but possess a con- 
stant brilliancy and a very equal temperature at all seasons of the year, 
the author thinks that there is a purifying and cooling action going on 
beneath. ‘The surface water from the same place, even if filtered, has 
not the same brilliancy ; it has not the same freedom from organic mat- 
ter, neither is it equally charged with carbonic acid or oxygen gas,— 
there are other influences therefore at work. ‘lhe rain which falls has 
not the purity, although it comes directly from the clouds ; it may even 
be wanting in cleanness, as is often the case. Springs rise through a 
great extent of soil, and collect a considerable amount of inorganic 
salts; and it is shown by Dr. Smith that cheir purity is due entirely to 
the power of the soil to separate all organic matter, and at the same 
time to compel the mixture of carbonic acid and oxygen. ‘The amount 
of organic matter removed in this way is surprising, and it is a most 
important and valuable property of the soil. ‘The change even takes 
place close to cess-pools and sewers; at a very short distance from 
the most offensive organic matter there may be found water having 
little or none in it. As an agent for purifying towns, this oxydation 
of organic matter is the most extraordinary, and we find the soil of 
towns which have been inhabited for centuries still possessing this re- 
markable power. St. Paul’s churchyard may be looked upon as one 
of the oldest parts of London, and the water from the wells around it 
is remarkably pure, and the drainage of the soil is such that there is 
very little of any salts of nitric acid in it. If the soil, says Dr. Smith, 
has such a power to decompose by oxydation, we want to know how it 
gets so much of its oxygen. We must, however, look to the air as the 
only source, and see how it can come from it. When water becomes 
deprived of oxygen, it very soon takes it up again,—as may be proved 
by experiment. ‘This shows us that as fast as the oxygen is consumed 
by the organic 
Several experiments of the following character were giv- 


matier, it receives a fresh portion, conveyed to it by the 
porous SOll. 
en, to show the filtering power of the soil. A solution of peaty matter 


was inade in ammonia; the solution was very dark, so that some color 
was perceived through a film of only the twentieth of an inch in thick- 
ness. This was filtered through sand, and came out perfectly clear 
and colorless. Organic matter dissolved in oil of vitriol was separated 
from it by a thickness of stratum of only four inches. A bottle of por- 
ter was by the same process deprived of nearly all its color. The 
material of which this filter is made is of little importance. One of 
the best. according to Dr. Smith, as far as clearing the water is con- 
cerned, being of steel filings—-oxyd of iron, oxyd of manganese, and 
powdered bricks all answering equally well. This shows that the sep- 
aration of the organic matter is due to some peculiar attraction of the 
surfaces of the porous mass presented to the fluid. This paper was a 
continuation of Dr. Smith’s Report published last year,—and he pro- 
poses continuing the inquiry. 
On the Proportion of Phosphoric Acid in some Natural Waters; by 
Prof. 

The object of this paper was to draw attention to a natural source 

from which many of our fields may be economically supplied with 
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phosphoric acid. Prof. Fownes has shown that traces of phosphoric 
acid are met with ia many rocks of igneous origin, but also in stratified 
rocks, particularly in limestone rocks, the presence of phosphoric acid 
has been indicated by several chemists. ‘The author found the propor- 
tion of phosphoric acid in graptolite, from the neighberhood of Ciren- 
cester, amounting to 0-124 per cent., equal to 0-260 of bone-earth, and 
in Stonesfield slate from the same locality amounting to 0-117, equal to 
0-244 per cent. of bone-earth. As water, charged with carbonic acid, is 
capable of dissolving bone-earth, this important fertilizing substance is 
found in many natural waters, percolating rocks which contain phosphoric 
acid. Such waters, therefore, may be applied with advantage for irriga- 
tion. Theadvantages derived from this too often neglected natural source, 
are strikingly exhibited in the irrigated meadows in the neighborhood 
of Cirencester ; and it is the opinion of the author that one of the chief 
causes of the beneficial effects which follow the application of the water 
for irrigation in this locality, is to be found in the phosphate of lime 
itcontains. Ina tea-kettle incrustation formed in a short period by 
this water, the proportion of phosphoric acid was found to amount to 
1:25 per cent., showing a considerable quantity of this acid present in 
the water. A very hard water from Edinburgh likewise proved to con- 
tain phosphoric acid, but its proportion was not so large as that in the 
Cirencester water, the quantity of phosphoric acid in a boiler incrusta- 
tion formed by this Edinburgh water being only 0-427 per cent. Sea- 
water also contains phosphoric acid, but the proportion amounts to 
mere traces. A quantitative determination of phosphoric acid in the 
boiler deposit of a Canada steamer gave only 0°0306 per cent., and 
that in a boiler incrustation of a steamer plying between Dublin and 
Liverpool 0-0424 as the per-centage of phosphoric acid. In conclu- 
sion, the author recommended Svanberg’s test, molybdate of ammonia, 
as a ready means for deducing the presence of phosphoric acids in 
natural waters. 
The Phosphorescence of Potassium; by Mr. W. Perris. 

While speculating on the consequences of the dynamical theory of 
heat, I was led to the conclusion that cold potassium ought to be found 
luminous ; and farther, that it ought to be only about a tenth part as lu- 
minous as phosphorus. On testing this experimentally, with the precau- 
tions for sensitive vision which the anticipated feebleness of the light 
indicated to be necessary, the result was, that on dividing a bit of po- 
tassium, (which was quite dry, being protected only by a coating of 
bees’ wax,) the halves showed two distinctly luminous sections ; the 
light being about a tenth of that from a similar surface of phosphorus, 
as far as the eye could make the comparison. The light diminished, 
naturally, as a protecting coating of oxyd was formed, but remained 
just perceptible to the most sensitive sight, as long as haif an hour. 
On the presence of Fluorine in Blood and Milk; by Dr. G. Witson. 

In 1846 I announced to the Royal Society of Edinburgh that after 
finding that fluor spar was soluble in water, and occurred in many nat- 
ural waters, I thought it well to seek for it in milk and blood, and found 
distinct evidence of its presence in both. ‘The proofs however were 
not so decisive as I could have wished. This summer, however, I have 
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employed the fresh drawn blood of the ox. About 26 imperial pints 
or 3 gallons of blood were made use of. From the large scale on 
which the experiment was conducted, and the simplicity of the process 
followed, the evidence in favor of the presence of fluorine in the blood 
of the ox seems unexceptionable ; and it cannot be doubted that the 
blood of other animals will be found to contain the same element. [ 
presume it to be present in the state of fluoride of calcium, and that its 
amount is very small! ; but I have not attempted its quantitative deter- 
mination. Milk was examined ina similar way, with nine imperial 
pints of rich milk from a country farm. ‘The vapor which they evolved 
etched glass distinctly. ‘The ashes of twelve pound of new skim-milk 
cheese made this spring treated in the same way occasioned deep etch- 
ing of glass. The ashes of four imperial pints of whey treated in the 
same way have barely marked glass so as to show the faintest outlines 
when breathed upon. In all probability the fluorid of calcium is asso- 
ciated with the phosphate of lime, and when milk is coagulated sep- 
arates along with the caseine. Dr. Wilson also stated that he had re- 
peated the inquiry into the solubility of fluorid of calcium in water, re- 
ported to the Association at its Southampton meeting, and with the same 
result, viz., that 16 fluid ounces, or 7,000 gr. of water, at 60°, dissolve 
0°26 gr. of fluor spar. 


Another New Planet.—On the 13th of Sept., 1850, another new 
planet was discovered by Mr. J. R. Hind, of London. Its place, Sept. 
13, 115 29m 35 Gr. m.t. was R. A. 235 44™ 45:-08, and N. decl. 
14° 6" 42°-9. It is probably one of the Asteroidal group. 


Supposed Staurotide of Norwich, Mass.—Notwithstanding the re- 
semblance to Staurotide in these crystals, and the identity with that 
species in the prismatic angles, they are found by Mr. W. J. Craw, on 
chemical examination, to be a phosphate of manganese, iron and lithia. 
Mr. Craw has them under investigation, but has not yet completed his 
analyses. Several of the crystals appear to have a slight obliquity be- 
tween the terminal and lateral planes. 


General Indexr.—We close this volume with a general Index to the 
first ten volumes of this series of the Journal, intending to continue the 
plan with every succeeding tenth volume, believing that the value of 
the Journal will be thus enhanced, as well as its convenience to our 
readers. Some articles now on hand, are consequently deferred to 
another volume.—Eds. 


Errata.—The Errata of the ten volumes of this series are to be found on page 
viii of each volume, also in volume iii, p. 464; also for additional errata of vol i, see 
vols ii. and iii, p. viii; of vol. iii, see vol. iv, p. viii; of vol. v, see vol. vi, p. viii ; of 
vol. vi, see vol. vii, p. viii; of vol. viii, see vol. ix, p. viii. 

Other Errata not mentioned, are as follows :— 

Vol. iv, p. 278, for Tautolite, read Tachylite, 

p. 856, in note, for vol. i, read vol. ii. 
Vol. v, p. 337, 8 L from top, for Ca G, read Ca §. 
Vol. vii, p. 114, 2 1. from top, for Marbury, read Marburg. 
20 1. from top, for 141 Si, read 5A Si. 

Vol. viii, p. 428, 7 L. from top, for Ephipphora, read Ephippiphora ; and for Phil. 
Mag., read Ann. Mag. Nat. Hist. 

Vol. ix, p. 399, last line, for Journal, read Proceedings. 


